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(54) FLAT LEAF- LIKE RARE EARTH-IRON-BORON MAGNET ALLOY PARTICLE POWDER FOR 
BONDED MAGNET, MANUFACTURE THEREOF AND THE BONDED MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide flat leaf-like rare earth-iron-boron magnet alloy particle powder for 
a bonded magnet which is provided with a large residual magnetic flux density Br and high coercive force 
iHc with a large maximum magnetic energy product (BH)max, superior rust-proof property and superior 
leafing effect, a manufacturing method and a bonded magnet, using the rare earth-iron-boron magnet alloy 
particle powder. 

SOLUTION: This flat-leaf-like rare earth-iron-boron magnet alloy particle powder whose average long axis 
diameter is 60-500 fl m, average short axis diameter of 50-460 fjt m, with average thickness of 3-100 fjt m, 
average axis ratio of 1.1-10 and average aspect ratio of 3-100 is obtained by heating and dissolving the 
coarse alloy of a rare earth-iron-boron type, turning it into a molten alloy, making it flow out from a nozzle, 
generating the liquid drop of the molten alloy by an atomizing gas to the flow-out molten alloy, cooling and 
solidifying it by making the liquid drop collide with the surface of a rotary cooling body of a conical shape or 
a disk shape, turning it into a rapidly cooled solidified particle powder, and then performing heat treatment 
in the temperature range of 500-850° C. 



LEGAL STATUS 

[Date. of request for examination] 



[Date of sending the examiner s decision of 
^rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



* NOTICES * 

* Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the rare earth-iron-boron system magnet alloy particle powder with which particle shape 
consists of a foliaceous particle of a flat tree, an object for bond magnets 1.1-10, and whose average 
aspect ratio (the diameter of a major axis / thickness) 3-100 micrometers and an average axial ratio (the 
diameter of a major axis / diameter of a minor axis) are [ a diameter of an average major axis / 60-500 
micrometers and a diameter of an average minor axis ] 3-100 for 50-460 micrometers and average 
thickness — flat — leaves — ** rare earth-iron-boron system magnet alloy particle powder. 
[Claim 2] An alloy presentation of a rare earth-iron-boron system magnet alloy particle is formula 
RxFe100-x-y-z-wCoyMzBw (however, R). A kind of rare earth elements chosen from Nd, Pr, Dy, Tb, and 
Ce or two sorts or more, and M A kind of an element chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, 
Ga, Ag, and Si or two sorts or more, x, and y, z and w Respectively 5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, 
2<=w<=7, 9<= (x+w), 5 — < (y+z) — a hard magnetism crystal phase which consists of a soft magnetism 
crystal phase and a Nd2Fe14B1 mold tetragonal-system crystal phase which have a presentation 
expressed and consist of one crystal phase of the mixed phases of alphaFe, the solid solution (alpha solid 
solution which consists of Fe and M), or the alphaFe and the solid solution, respectively It has an alloy 
organization which deposits in a soft magnetism amorphous phase, and, moreover, said soft magnetism 
amorphous phase is below 10 area % to all alloy organizations. Foliaceous rare earth-iron-boron system 
magnet alloy particle powder of a flat tree for bond magnets according to claim 1 said whose soft 
magnetism crystal phase is more than 10 area % to all the crystalline structures that doubled said soft 
magnetism crystal phase and said hard magnetism crystal phase and whose remainder is said hard 
magnetism crystal phase. 

[Claim 3] Foliaceous rare earth-iron-boron system magnet alloy particle powder of a flat [ coercive force 
iHc / 3.5 or more kOes and a residual magnetic flux density Br / 9.5 or more kGs and maximum magnetic 
energy (product BH) max ] tree for the bond magnets according to claim 1 or 2 which is 13 or more 
MGOes. 

[Claim 4] Formula RxFe100-x-y-z-wCoyMzBw (however, R) A kind of rare earth elements chosen from Nd, 
Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of an element chosen from Ti, V, Cr, Zr, 1Mb, Mo, Hf, 
Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w Respectively 5<=x<=10, 1.0<=y<=9.0, 
0.1<=z<=5, 2<=w<=7, 9<= (x+w), 5 — < (y+z) — a rough alloy manufactured so that it might become the 
presentation rate of being expressed After carrying out heating dissolution and considering as an alloy 
molten metal, the alloy molten metal concerned is made to flow out of a nozzle. A drop of an alloy molten 
metal is made to generate by spraying gas on the runoff alloy molten metal concerned. It considers as 
quenching congelation particle powder which is made to carry out cooling coagulation and consists of a 
foliaceous particle of a flat tree by making this drop collide with a front face of a revolution cooling object 
of a cone mold arranged in the floating direction of the drop concerned, or a disc mold before the drop 
concerned congeals. Subsequently A manufacturing method of foliaceous rare earth-iron-boron system 
magnet alloy particle powder of a flat tree for bond magnets according to claim 1 to 3 characterized by 
heat-treating the quenching congelation particle powder concerned in a 600-850-degree C temperature 
requirement. 

[Claim 5] an object for bond magnets according to claim 1 to 3 — flat — leaves — a bond magnet which 



comes to distribute ** rare earth-iron-boron system magnet alloy particle powder in binder resin — it is - 
„• - being concerned — flat — leaves — a bond magnet characterized by mixing ** rare earth-iron-boron 
system magnet alloy particle powder at 85 - 99% of the weight of a rate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the bond magnet which used this 
rare earth-iron-boron system magnet alloy particle powder for the big residual magnetic flux density Br, 9.5 
or more kGs and the high coercive force iHc, the foliaceous rare earth-iron-boron system magnet alloy 
particle powder of the flat tree for bond magnets that had 3.5 or more kOes, consequently whose maximum 
magnetic energy (product BH) max was large, and was excellent in rust-proofing nature especially, and was 
excellent in the leafing effect, and its manufacturing method list especially. 
[0002] 

[Description of the Prior Art] Although it is widely used for various uses, such as an electric product and 
autoparts, from the former since a bond magnet has advantages, such as the configuration free nature, high 
dimensional accuracy, etc., the miniaturization of the bond magnet itself used for this is strongly demanded 
with small and lightweight-izing of an electric product or autoparts in recent years. 
[0003] For the miniaturization of a bond magnet, it has magnetic high performance-ization, i.e., the big 
residual magnetic flux density Br and the high coercive force iHc, consequently it is required strongly that 
maximum magnetic energy (product BH) max should be large. 

[0004] As everyone knows, since ferrite powder is an oxide, and it excels in corrosion resistance and is 
manufactured using cheap raw materials, such as oxides, such as barium and strontium, and a ferric acid 
ghost, the bond magnet (henceforth a "ferrite bond magnet") using magnetoplumbite type ferrites, such as 
a barium ferrite and a strontium ferrite, is used economically and widely. 

[0005] However, the magnetic properties of this ferrite bond magnet do not usually have a residual 
magnetic flux density Br enough for small [ of the device used by 2 - 3kOe degree and maximum magnetic 
energy (product BH) max, being a 1.6 - 2.3MGOe degree ], and lightweight[ 2 - 3kG degree and coercive 
force iHc ]-izing. 

[0006] The demand to magnetic high-performance-izing and magnetic low-pricing does not have the place 
which remains, since the Nd-iron-boron system magnet alloy using Nd which is a low price comparatively 
also among rare earth elements was developed by Sumitomo Special Metals Co., Ltd. and U.S. General 
Motors almost simultaneous in 1982, it is widely applied to various uses and expansion to a bond magnet 
has also been performed. In quest of improvement in the magnetic properties, development of a rare earth- 
iron-boron system exchange spring magnet alloy is still more prosperous, and the part is already put in 
practical use. 

[0007] It is expected as what has a high possibility of becoming the magnet which said exchange spring 
magnet is the exchange interaction of iron (alphaFe) or an iron compound, and a Nd2Fe14B1 mold 
tetragonal compound showing a magnetic spring phenomenon, and the feature having a low rare earth 
content and the big residual magnetic flux density Br, and was excellent in cost performance. 
[0008] That is, since the rare earth-iron-boron system exchange spring magnet alloy of under 10 atom % 
can reduce the content of expensive rare earth with the high and potential on magnetic properties 
compared with the rare earth-iron-boron system magnet alloy of 10 - 15 atom % with the amounts of rare 
earth near stoichiometric composition, such as Nd, like "MQP" (trade name) of marketing which General 
Motors developed, the amounts of rare earth, such as Nd, have the feature of being economical. 



[0009] There are a system to which said amounts of rare earth, such as Nd, contain alphaFe in the rare 
earth-iron-boron system exchange spring magnet alloy of under 10 atom % as a soft magnetism phase, and 
a system containing Fe3B or Fe2B. Although the residual magnetic flux density Br of the former is 
generally as large as 10-13kG, coercive force iHc is as low as at most less than 3.5 kOes, and although 
coercive force iHc of the latter is generally comparatively as high as 3.5-7.7kOe, since a residual magnetic 
flux density Br is below a 10kG degree, although a residual magnetic flux density Br is large compared with 
"MQP", compared with alphaFe subject system, it is low. 

[0010] By the way, in the field of the small motor which are the main uses of the bond magnet using a rare 
earth-iron-boron system magnet alloy, to be the magnetic properties which were able to balance a residual 
magnetic flux density Br and coercive force iHc, i.e., for a residual magnetic flux density Br to be [ 9.5 or 
more kGs and coercive force iHc ] 3.5 or more kOes, is strongly demanded from a viewpoint of the 
miniaturization of a motor, and the magnetic stability of the magnet used. 

[0011] Moreover, the magnet alloy containing rare earth, such as Nd, oxidizes in air, tends to generate a 
stable oxide gradually, and has the defect of being inferior to rust-proofing nature. Therefore, since 
corrosion resistance is inferior, as for the bond magnet manufactured using the magnet alloy containing 
rare earth, such as Nd, it is common that rust-proofing coating, such as dipping of a resin system, spray 
coating, electropainting, or metal plating, is generally performed. 

[0012] Therefore, if the rust-proofing nature of the magnet alloy containing rare earth, such as Nd, 
improves, since it can expect that it also sets for the above uses, and rust-proofing coating of a bond 
magnet front face can be simplified or saved labor and rust-proofing coating may be able to be omitted 
depending on a use, improvement in the rust-proofing nature of a rare earth-iron-boron system magnet 
alloy is demanded strongly. 

[0013] Moreover, although a bond magnet is usually manufactured by scouring magnet powder and 
fabricating it in binder resin, if the configuration of magnet powder is a thin film integrated circuit, it is 
known that machine orientation can be carried out easily and the pack density to the inside of binder resin 
can be raised. However, even if it is a thin film integrated circuit particle, in having the curved field, it 
becomes difficult to fully raise pack density, namely, — although uses differ — JP.2-34706.A — "... 
generally as powder for coatings, it is supposed that the thing of a thin film integrated circuit is desirable. 
That is, when powder is mixed to the resin for coatings and it applies by brush coating, a spray, etc., it is 
because powder carries out a laminating to the painted surface at parallel (this is called leafing 
phenomenon), the continuous coat by powder is formed, a raw material is intercepted from the open air and 
better corrosion-resistant weatherability is given with the surface tension produced at the time of 
hardening of resin. ..." — in manufacture of a bond magnet, particle shape is not a curved surface as a 
publication — flat — leaves — it becomes possible for the saturation magnetic flux density Br of a bond 
magnet to improve, since the pack density of the powder in a bond magnet can be easily raised according 
to the leafing effect by using the magnet alloy particle powder which consists of a particle of a **, as a 
result to raise maximum magnetic energy (product BH) max. Then, rare earth magnet alloy particle powder 
with which the particle shape excellent in the leafing effect consists of a foliaceous particle of the flat tree 
which is not a curved surface is desired. 

[0014] That is, the foliaceous rare earth-iron-boron system magnet alloy particle powder of the flat tree 
which had the big residual magnetic flux density Br and the high coercive force iHc, consequently whose 
maximum magnetic energy (product BH) max was large, and was excellent in rust-proofing nature, and was 
excellent in the leafing effect is demanded strongly. 

[0015] In addition, in the quenching permanent magnet material which uses Fe as a principal component 
(however, it is under 91 atom %.), and contains one sort or two sorts or more of rare earth elements (R) 
and boron (B), the permanent magnet material with which the remainder consists of a crystalline substance 
phase containing a R-Fe-B system hard magnetism compound including the soft magnetism amorphous 
phase below 10 area % is well-known (JP,8-1 6231 2,A). 
[0016] 

[Problem(s) to be Solved by the Invention] Although the rare earth-iron-boron system magnet alloy 



particle powder which had the big residual magnetic flux density Br and the high coercive force iHc, 
consequently whose maximum magnetic energy (product BH) max was large, and was excellent in rust- 
proofing nature, and was excellent in the leafing effect is [ current and ] just going to be demanded most, 
the rare earth-iron-boron system magnet alloy particle powder which has such a property is not yet 
obtained. 

[0017] namely, the above — a rare earth-iron-boron system magnet alloy given in JP,8-162312,A the 
"table 5" of this official report — a residual magnetic flux density Br — 0.62-0.97T (it is equivalent to 6.2- 
9.7kG.) A degree and coercive force iHc are 0.16 - 0.21 MA/m (it is equivalent to 1 .25-2.6kOe.). A degree 
and maximum magnetic energy (product BH) max are 19.7 - 72.0 kJ/m3 (it is equivalent to 2.5 - 9.0MGOe.). 
as being indicated as the degree — coercive force iHc — at most — 3kOe degree and the residual 
magnetic flux density Br were as low as 1 0kG degree at most. 

[001 8] the above — after a rare earth-iron-boron system magnet alloy given in the examples 2-4 of JP,8- 
162312.A grinds a quenching thin band, it is the bulk object acquired by carrying out extrusion in the 
vacuum, and is applied to this invention — flat — leaves — a gestalt is different from ** rare earth-iron- 
boron system magnet alloy particle powder. 

[0019] Then, this invention makes it a technical technical problem to obtain the foliaceous rare earth-iron- 
boron system magnet alloy particle powder of the flat tree for bond magnets which had the big residual 
magnetic flux density Br and the high coercive force iHc, consequently whose maximum magnetic energy 
(product BH) max was large, and was excellent in rust-proofing nature, and was excellent in the leafing 
effect. 
[0020] 

[Means for Solving the Problem] This invention as follows can attain said technical technical problem. 
[0021] Namely, this invention is rare earth-iron-boron system magnet alloy particle powder with which 
particle shape consists of a foliaceous particle of a flat tree. 50-460 micrometers and average thickness 3- 
100 micrometers, [ a diameter of an average major axis ] [ 60-500 micrometers and a diameter of an 
average minor axis ] an object for bond magnets 1.1-10, and whose average aspect ratio (the diameter of a 
major axis / thickness) an average axial ratio (the diameter of a major axis / diameter of a minor axis) is 3- 
100 — flat — leaves — it is ** rare earth-iron-boron system magnet alloy particle powder. 
[0022] Moreover, for this invention, an alloy presentation of a rare earth-iron-boron system magnet alloy 
particle is formula RxFe100,-x-y-z-wCoyMzBw (however, R). A kind of rare earth elements chosen from Nd, 
Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of an element chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, 
Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w Respectively 5<=x<=10, 1.0<=y<=9.0, 
0.1<=z<=5, 2<=w<=7, 9<= (x+w), 5 — < (y+z) — a hard magnetism crystal phase which consists of a soft 
magnetism crystal phase and a Nd2Fe14B1 mold tetragonal-system crystal phase which have a 
presentation expressed and consist of one crystal phase of the mixed phases of alphaFe, the solid solution 
(alpha solid solution which consists of Fe and M), or the alphaFe and the solid solution, respectively It has 
an alloy organization which deposits in a soft magnetism amorphous phase, and, moreover, said soft 
magnetism amorphous phase is below 10 area % to all alloy organizations. It is the foliaceous rare earth- 
iron-boron system magnet alloy particle powder of said flat tree for bond magnets said whose soft 
magnetism crystal phase is more than 10 area % to all the crystalline structures that doubled said soft 
magnetism crystal phase and said hard magnetism crystal phase and whose remainder is said hard 
magnetism crystal phase. 

[0023] Moreover, this invention is the foliaceous rare earth-iron-boron system magnet alloy particle 
powder of a flat [ coercive force iHc / 3.5 or more kOes and a residual magnetic flux density Br ] tree for 
said bond [ one 9.5 or more kGs and whose maximum magnetic energy (product BH) max are 13 or more 
MGOes of ] magnets. 

[0024] Moreover, this invention is formula RxFe100-x-y-z-wCoyMzBw (however, R). A kind of rare earth 
elements chosen from Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of an element chosen 
from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w 
Respectively 5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, 2<=w<=7, 9<= (x+w), 5 — < (y+z) — a rough alloy 



manufactured so that it might become the presentation rate of being expressed After carrying out heating 
. dissolution and considering as an alloy molten metal, the alloy molten metal concerned is made to flow out 
of a nozzle. A drop of an alloy molten metal is made to generate by spraying gas on the runoff alloy molten 
metal concerned. It considers as quenching congelation particle powder which is made to carry out cooling 
coagulation and consists of a foliaceous particle of a flat tree by making this drop collide with a front face 
of a revolution cooling object of a cone mold arranged in the floating direction of the drop concerned, or a 
disc mold before the drop concerned congeals. Subsequently It is the manufacturing method of foliaceous 
rare earth-iron-boron system magnet alloy particle powder of one which is characterized by heat-treating 
the quenching congelation particle powder concerned in a 600-850-degree C temperature requirement of 
said flat trees for bond magnets. 

[0025] moreover, this invention — said object for one of bond magnets — flat — leaves — a bond magnet 
which comes to distribute ** rare earth-iron-boron system magnet alloy particle powder in binder resin — 
it is — being concerned — flat — leaves — it is the bond magnet characterized by carrying out mixed 
combination of the ** rare earth-iron-boron system magnet alloy particle powder at 85 - 99% of the weight 
of a rate. 

[0026] It will be as follows if a configuration of this invention is explained in more detail. 

[0027] First, foliaceous rare earth-iron-boron system magnet alloy particle powder of a flat tree for bond 

magnets concerning this invention is described. 

[0028] A flat tree of particle shape of a particle which constitutes rare earth-iron-boron system magnet 
alloy particle powder for bond magnets concerning this invention is foliaceous. Preferably a diameter of an 
average major axis of the powder concerned 60-500 micrometers 80-500 micrometers, It is 100-500 
micrometers more preferably. A diameter of an average minor axis 50-460 micrometers, 70-460 
micrometers is 85-460 micrometers more preferably. It is 1.1-3 more preferably, average thickness — 3- 
100 micrometers — desirable — 5-95 micrometers — it is — an average axial ratio (the diameter of a 
major axis / diameter of a minor axis) — 1.1-10 — desirable — 1.1-5 — an average aspect ratio (the 
diameter of a major axis / thickness) — 3-100 — desirable — 3-50 — it is 3-30 more preferably. 
[0029] An alloy presentation of a particle which constitutes foliaceous rare earth-iron-boron system 
magnet alloy particle powder of a flat tree for bond magnets concerning this invention is described. 
[0030] Said alloy presentation is expressed with formula RxFe100-x-y-z-wCoyMzBw. R is a kind of rare 
earth elements chosen from Nd, Pr, Dy, Tb, and Ce f or two sorts or more among a formula. If a residual 
magnetic flux density Br and coercive force iHc are taken into consideration, that with which other rare 
earth elements were mixed by Nd, Pr, a Nd-Pr alloy, and these is desirable, and Nd and Pr are the most 
desirable. However, even if rare earth elements other than the above are contained below 10 atom % to the 
total amount of rare earth, it does not interfere. 

[0031] the amount of R — 5<=x<=10 — it is — desirable — 5.5<=x<=9 — it is 6<=x<=8 more preferably. 
The amount of deposits of a hard magnetism crystal phase which consists of a Nd2Fe14B1 mold 
tetragonal-system crystal phase when x is less than five is inadequate, the amount of deposits of a soft 
magnetism crystal phase which consists of one crystal phase of the mixed phases of alphaFe, the solid 
solution (alpha solid solution which consists of Fe and M), or the alphaFe and the solid solution when 
coercive force is not set to 3.5 or more kOes but exceeds 10 is inadequate, and a high residual magnetic 
flux density beyond Br>=10kG is not obtained. 

[0032] The amount of Fe(s) is expressed with 100-x-y-z-w, and is 69 - 86% of range to all atoms. A 
residual magnetic flux density Br decreases in less than 69% of case, and 9.5 or more kGs made into the 
object of this invention are not obtained at it. When exceeding 86%, the amount of R and the amount of 
Co(es) will decrease relatively, and the coercive force iHc made into the object of this invention is not 
acquired for 3.5 or more kOes. 

[0033] Co is an indispensable element which brings about improvement in coercive force, buildup of 
magnetization, improvement in rust-proofing nature, and improvement in thermal stability by lifting of the 
Curie point with M element. 

[0034] the amount of Co(es) — 1.0<=y<=9.0 — it is — desirable — 1.5<=y<=9.0 — it is 2.0<=y<~9.0 more 



preferably. Lifting of coercive force or the Curie point is not enough for a case of less than 1.0, and it is 
inferior to thermal stability. When exceeding 9.0, lowering of the residual magnetic flux density Br by 
reduction of an iron component becomes remarkable, and 10 or more kGs are not obtained. 
[0035] M is an element more than a kind chosen from Ti, V, Cr, Zr, Nb, Mo f Hf, Ta, W, Mn, Cu, Ga, Ag, and 
Si, can raise the crystal magnetic anisotropy of a hard magnetism crystal phase which consists of a 
Nd2Fe14B1 mold tetragonal-system crystal phase, and can acquire high coercive force according to a 
detailed-ized effect of a deposit phase. Moreover, a soft magnetism crystal phase which consists of one 
crystal phase of the mixed phases of alphaFe, the solid solution (alpha solid solution which consists of Fe 
and M), or the alphaFe and the solid solution can be stabilized, and the corrosion resistance of a bond 
magnet and thermal stability can be improved. 

[0036] Among said M elements, Mn, Cu, Ga, Ag, and Si can acquire higher coercive force according to the 
synergistic effect, if it adds with other M elements. 

[0037] an amount of M element — 0.1<=z<=5 — it is — desirable — 0.2<=z<=4 — it is 0.3<=z<=3.5 more 
preferably. It is deficient in the improvement effect of coercive force, as a result inferior to a case of less 
than one at thermal stability. In exceeding 5, it causes reduction of Br by reduction of an iron system 
component (Fe, Co). 

[0038] Among said M elements, while Ti, Zr, Nb, Hf, Ta, Si, and Ga contribute to improvement in coercive 
force, it can be easy to form an amorphous phase, an amorphous phase can remain in stability during an 
alloy organization, magnet alloy particle powder with which rust-proofing nature was demonstrated can be 
obtained, and a bond magnet excellent in corrosion resistance is obtained by using this. 
[0039] an element indispensable since B constitutes a hard magnetism crystal phase which consists of a 
Nd2Fe14B1 mold tetragonal-system crystal phase — it is — the amount — 2<=w<=7 — it is — desirable 
— 2.5<=w<=6.5 — it is 3<=w<=6.5 more preferably. The amount of deposits of a hard magnetism crystal 
phase which consists of a Nd2Fe14B1 mold tetragonal-system crystal phase becomes inadequate for a 
case of less than two, and it is not set to iHc>=3.5kOe. In exceeding 7, B becomes superfluous and causes 
reduction of a residual magnetic flux density Br. 

[0040] The sum of the amount of R and the amount of B is 9<= (x+w), and is ten or more preferably. 
Sufficient soft magnetism amorphous phase by quenching is not formed in a case of less than nine, and 
heat treatment cannot realize iHc>=3.5kOe to it, either. If it takes into consideration holding the big 
residual magnetic flux density Br, as for the upper limit, 18 will be desirable, and it will be 17 more 
preferably. 

[0041] the sum of the amount of Co(es), and the amount of Ms — 5 — < (y+z) — it is — it is 5.5 or more 
more preferably 5.1 or more. As for a case of five or less, an effect of raising coercive force and thermal 
stability becomes is hard to be acquired. If it takes into consideration holding the big residual magnetic flux 
density Br, as for the upper limit, 1 1 will be desirable, and it will be 10 more preferably. 
[0042] An alloy organization of a particle which constitutes foliaceous rare earth-iron-boron system 
magnet alloy particle powder of a flat tree for bond magnets concerning this invention is described. 
[0043] A particle which constitutes foliaceous rare earth-iron-boron system magnet alloy particle powder 
of a flat tree for bond magnets concerning this invention has a soft magnetism amorphous phase below 9 
area % preferably below 10 area % to all alloy organizations. A lower limit of a soft magnetism amorphous 
phase is 1 area %. 

[0044] As a result of magnetic association by magnetic exchange interaction committed between bi-phases 
being able to weaken since distance with a soft magnetism crystal phase or a hard magnetism crystal 
phase becomes large when a soft magnetism amorphous phase exceeds 10 area % in a two-dimensional 
observation visual field of all alloy organizations, an effect of raising a magnet property rather is not 
acquired. If said rust-proofing effect of a soft magnetism amorphous phase is taken into consideration, the 
lower limit will be 1 area % preferably. 

[0045] a soft magnetism amorphous phase — eight to 20 atom % — desirable — rare earth of 9 - 15 
atom %, and 70 to 90 atom % — it consists of boron of 5 - 18 atom % preferably iron of 70 - 85 atom % or 
iron, an alloy with the above-mentioned element M, and below 22 atom %. Since this soft magnetism 



amorphous phase can control big and rough growth of crystal grain and can make a detailed crystal phase 
form in a heat-treatment process for crystallization while it has soft magnetism, it can raise the hard 
magnetism of the whole alloy. 

[0046] Moreover, since each of a soft magnetism crystal phase and a hard magnetism crystal phase is 
carrying out the distributed deposit into a soft magnetism amorphous phase at the shape of an island, since 
this soft magnetism amorphous phase encloses the perimeter of a soft magnetism crystal phase which 
mainly bears a magnetic role, or a hard magnetism crystal phase and it controls progress of oxidation, it 
can do so an effect as a barrier which can prevent progress of rust, and can raise the rust-proofing nature 
of a magnet alloy particle. 

[0047] A soft magnetism amorphous phase can also expect enough effects, such as a mechanical strength 
which an amorphous phase usually has, chemical resistance, and rust-proofing nature. 
[0048] A soft magnetism crystal phase in foliaceous rare earth-iron-boron system magnet alloy particle 
powder of a flat tree for bond magnets concerning this invention consists of one crystal phase of the mixed 
phases of alphaFe, the solid solution (alpha solid solution which consists of Fe and M), or the alphaFe and 
the solid solution, and is included more than 10 area % to all the crystalline structures that doubled a soft 
magnetism crystal phase and a hard magnetism crystal phase. A soft magnetism crystal phase has 
contributed to improvement in a residual magnetic flux density Br. In a case of under 10 area %, magnet 
alloy particle powder which has the big residual magnetic flux density Br made into the object of this 
invention cannot be obtained. If a ratio of a hard magnetism crystal phase which bears a role which raises 
coercive force iHc is taken into consideration, the upper limit has desirable 90 area %. 

[0049] A diameter of average crystal grain of a soft magnetism crystal phase has desirable 5-100nm, and it 
is the range of 10-50nm more preferably. 

[0050] In a soft magnetism crystal phase, in addition to one crystal phase of the mixed phases of alphaFe, 
the solid solution (alpha solid solution which consists of Fe and M) f or the alphaFe and the solid solution, 
Fe3B, Fe2B and the solid solution of these and M — further — an intermetallic compound of Fe and M, 
such as Fe2Zr, — a state diagram — although it may be contained unescapable on a manufacturing 
process-like, when obtaining magnet alloy particle powder which has many properties made into the object 
of this invention, especially a problem does not become. 

[0051] A hard magnetism crystal phase in a particle which constitutes foliaceous rare earth-iron-boron 
system magnet alloy particle powder of a flat tree for bond magnets concerning this invention consists of a 
Nd2Fe14B1 mold tetragonal-system crystal phase, and is under 90 area % to all the crystalline structures. 
[0052] When exceeding 90 area %, a soft magnetism crystal phase decreases and the big residual magnetic 
flux density Br is not obtained. If a coercive force iHc value made into the object of this invention is taken 
into consideration, the lower limit has desirable 10 area %. It is 20 to 85 area % more preferably. 
[0053] Said hard magnetism crystal phase does so an effect of making coercive force iHc discovering. 
Moreover, a part of M element enters into this hard magnetism crystal phase, raises an anisotropy 
constant, and may raise coercive force as a result. 

[0054] A minute compound phase which deposits impossibly in state diagram besides a Nd2Fe14B1 mold 
compound may be included in a hard magnetism crystal phase. 

[0055] A diameter of average crystal grain of a hard magnetism crystal phase has desirable 5-100nm or 
less, and it is the range of 10-50nm more preferably. 

[0056] 9.5 or more kGs of residual magnetic flux densities Br are 10.0 or more kGs preferably, 3.5 or more 
kOes of coercive force iHc have 4.0 or more kOes preferably, and, as for foliaceous rare earth-iron-boron 
system magnet alloy particle powder of a flat tree for bond magnets concerning this invention, 13 or more 
MGOe(s) of maximum magnetic energy (product BH) max(es) have 15 or more MGOes preferably. For a 
residual magnetic flux density Br, 13kG(s) and coercive force iHc are [ 8kOe(s) and maximum magnetic 
energy (product BH) max of the upper limit ] 25MGOe(s). In addition, among the magnetic properties of the 
above-mentioned powder, it was computed by having carried out the density correction of the Br from Br 
of a green compact, and also performed count of (BH) max using this Br. 

[0057] Moreover, the rust-proofing nature of foliaceous rare earth-iron-boron system magnet alloy particle 



powder of a flat tree for bond magnets concerning this invention is JIS. Z Preferably, elapsed time until 
rusting occupies 10 area % is 60 hours or more more preferably, and as show in a back appearance example 
compared with the conventional Nd-Fe-B system alloy particle powder, it is clearly excellent by salt spray 
test method based on 2371, for 55 hours or more for at least 50 hours or more. 

[0058] Next, a manufacturing method of foliaceous rare earth-iron-boron system magnet alloy particle 
powder of a flat tree for bond magnets concerning this invention is described. 

[0059] First, formula RxFe100-x-y-z-wCoyMzBw (however, R) A kind of rare earth elements chosen from 
Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of an element chosen from Ti, V, Cr, Zr f Nb, Mo, 
Hf, Ta, W, Mn, Cu, Ga, and Si or two sorts or more, x, and y, z and w A metaHike element raw material 
and/or an alloy-like raw material are blended, and heating dissolution of this is carried out so that it may 
become the presentation rate of being expressed, respectively — 5<=x<=10 f 1<=y<=9, 0.1<=z<=5, 2<=w< ::: 7, 
9<= (x+w), and 5 — < (y+z) — subsequently A rough alloy of the above-mentioned presentation is obtained 
by carrying out cooling solidification. 

[0060] As said metal-like element raw material, that what is necessary is just to use a commercial thing, 
the gestalt has the thing of various gestalten, such as the shape of powder, mass, and a piece, and tabular, 
and the all can be used for it. 

[0061] As said alloy-like raw material, there are ferro NEOJI, a misch metal, didym, etc. with ferroboron and 
rare earth elements by boron element that what is necessary is just to use a commercial thing. The gestalt 
has the thing of various gestalten, such as the shape of powder, mass, and a piece, and tabular, and the all 
can be used for it. 

[0062] It is desirable to be able to perform said heating dissolution with a well-known arc solution process, 
a RF solution process, etc., and to carry out in inert atmospheres, such as inside of a vacuum and argon 
gas. 

[0063] Next, carry out heating dissolution of said obtained rough alloy, consider as an alloy molten metal, 
and, subsequently the alloy molten metal concerned is made to flow out of a nozzle. A drop of an alloy 
molten metal is made to generate by spraying gas on the runoff alloy molten metal concerned. It considers 
as quenching congelation particle powder which is made to carry out cooling coagulation and consists of a 
foliaceous particle of a flat tree by making this drop collide with a front face of a revolution cooling object 
of a cone mold arranged in the drop floating direction concerned, or a disc mold before the drop concerned 
congeals. Subsequently If the quenching congelation particle powder concerned is crystallized by heat- 
treatment, foliaceous rare earth-iron-boron system magnet alloy particle powder of a flat tree for bond 
magnets concerning this invention can be obtained. 

[0064] As for said melting temperature, it is [ that what is necessary is just to decide according to an alloy 
presentation ] desirable to usually heat at a temperature higher 50 degrees C or more than the melting 
point of said rough alloy. 

[0065] As said gas to spray, inert gas is desirable, for example, is gaseous helium, argon gas, etc. It is argon 
gas preferably, a pressure of gas to spray — 5 - 200 kgf/cm2 — it is 10 - 100 kgf/cm2 preferably. When 
exceeding 200 kgf/cm2, by the time a cooling rate becomes quick too much and a drop reaches a 
revolution cooling object, cooling coagulation may arise. 

[0066] A configuration of said revolution cooling object is a cone mold or a disc mold. It is the cone mold 
which a desirable foliaceous particle of a flat tree tends to obtain. Moreover, a rotational frequency of said 
revolution cooling object is 3000 - 12000rpm preferably 1000 to 20000 rpm. When a rotational frequency is 
less than 1000 rpm, the quenching congelation particles obtained become easy to lap, it may become a 
massive particle, and cooling coagulation by quenching is not fully performed, but generation of a soft 
magnetism amorphous phase serves as imperfection. Moreover, density of magnet powder of a bond 
magnet is no longer obtained fully. In addition, when making a drop of an alloy molten metal collide with a 
revolution cooling object of a disc mold, as for the collision place, it is desirable to consider as a portion 
shifted a little to a circumferencial direction from the axis of rotation of a revolution cooling object of a 
disc mold. 

[0067] Moreover, heating dissolution of said rough alloy, cooling solidification and heating dissolution for the 



second time, and cooling coagulation with a revolution cooling object may be continuously performed within 
the same equipment as occasion demands. 

[0068] In addition, cooling coagulation with a revolution cooling object may be directly performed within the 
same equipment from heating dissolution of each raw material of said metal-like element raw material 
and/or said alloy-like raw material, without carrying out cooling solidification in advance. 
[0069] In addition, in cooling coagulation with a revolution cooling object, since a drop formed in early 
stages tends to become comparatively large, it is desirable not to extract quenching congelation particle 
powder obtained in early stages, or to remove a big and rough particle by a classification etc. subsequently. 
Moreover, since a drop formed micrifies and also atomizes quenching congelation particle powder obtained 
when an alloy molten metal which remains has decreased, as for quenching congelation particle powder 
obtained just before termination, it is desirable not to extract or to remove a particle component by a 
classification etc. 

[0070] A particle which constitutes quenching congelation particle powder obtained by cooling coagulation 
with said revolution cooling object mainly includes an amorphous alloy organization. 

[0071] This amorphous alloy organization shows a broadcloth peak according to an X diffraction, and can 
check with a halo pattern of electron diffraction by transmission electron microscope (TEM). In addition, to 
include a crystal phase selectively without obtaining an amorphous alloy organization 100% depending on an 
alloy presentation, but since the object of this invention can be attained, what is necessary is just 
sufficient amount. 

[0072] This amorphous alloy organization has soft magnetism, and in order that it may control big and 
rough growth of crystal grain and may enable formation of a detailed crystal phase in a heat treatment 
process for crystallization with that magnetic role, it is bearing an important role which raises the hard 
magnetism of the whole alloy. 

[0073] Said heat-treatment is performed in a 600-850-degree C temperature requirement. In the case of 
less than 600 degrees C, a hard magnetism crystal phase which consists of a Nd2Fe14B1 mold tetragonal- 
system crystal phase does not deposit enough, and coercive force of 3.5 or more kOes is not acquired. 
When exceeding 850 degrees C, big and rough growth of a soft magnetism crystal phase which consists of 
one crystal phase of the mixed phases of alphaFe, the solid solution (alpha solid solution which consists of 
Fe and M), or the alphaFe and the solid solution becomes remarkable, a ratio of a soft magnetism 
amorphous phase in which it is hard coming to be discovered of coercive force, and it remains falls 
remarkably, and rust-proofing nature becomes is hard to be demonstrated. In addition, what is necessary is 
just to choose suitably optimal heating temperature for discovering good magnetic properties according to 
an alloy presentation of quenching congelation particle powder. 

[0074] Although there will be especially no problem if an ambient atmosphere in said heat-treatment is a 
range which does not spoil the magnetic properties of magnet alloy particle powder obtained, the inside of 
inert atmospheres, such as argon gas, or a vacuum of 10 to 1 or less Torr is desirable. 
[0075] Heating time in said heat-treatment has 10 desirable seconds or more at least, a deposit of soft 
magnetism crystal phase sufficient in less than 10 seconds and a hard magnetism crystal phase should do 
— as for coercive force of 3.5 or more kOes, all tend to be obtained in order that a soft magnetism crystal 
phase may carry out big and rough growth, if there is an inclination which is not, and less than 1 hour is 
desirable in it being long and 1 hour is surpassed. 

[0076] A crystal phase is generated from an amorphous phase by said heat-treatment. It is required to 
heat so that an amorphous phase below 10 area % may be made to remain to all alloy organizations, without 
making an amorphous phase into a crystal phase thoroughly at this time. 

[0077] As conditions for leaving an amorphous phase, it is necessary to set up conditions of said heat- 
treatment so that a deposit and growth of a crystal phase may not result extensively. Moreover, since 
stabilization of an amorphous phase and growth suppression of a deposit phase can also be planned 
according to an effect of an alloying element M, setting out of a suitable alloy presentation is also 
important. As an example of the heat-treating method, the flash plate annealing method and the rapid 
heating-cooling method are mentioned, and the usual heat-treating method is also enough depending on an 



alloy presentation. 

[0078] abundance of an amorphous phase which remains — desirable — one to 10 area % — it is below 9 
area % more preferably. It is because magnetic association resulting from an exchange interaction 
committed between an amorphous phase and a crystal phase or among crystal phases can weaken under 
by 1 area % when an effect made into the aforementioned object is not acquired, and improvement in rust- 
proofing engine performance cannot be expected, either but it exceeds 10 area %. 
[0079] Next, a bond magnet concerning this invention is described. 

[0080] A bond magnet concerning this invention comes to distribute foliaceous rare earth-iron-boron 
system magnet alloy particle powder of a flat tree for bond magnets concerning this invention in binder 
resin, and, in addition to this, 85 - 99 % of the weight and the remainder serve as [ foliaceous rare earth- 
iron-boron system magnet alloy particle powder of this flat tree ] binder resin from an additive. Although it 
changes a little with fabricating methods, in the case of an injection-molding bond magnet, its 96 - 98.5 % 
of the weight is more desirable, and when it is a calender shaping bond magnet, to it, 85 - 90 % of the 
weight is desirable [ a desirable rate of foliaceous rare earth-iron-boron system magnet alloy particle 
powder of a flat tree for bond magnets concerning this invention / 88 - 93 % of the weight is desirable, and 
/ when it is an extrusion-molding bond magnet, 85 - 92 % of the weight is desirable and / when it is a 
compression-molding bond magnet, 95 - 98.5 % of the weight is desirable and ]. 

[0081] 7.0 or more kGs of residual magnetic flux densities Br are 7.2 or more kGs preferably, 3.5 or more 
kOes of coercive force iHc have 3.7 or more kOes preferably, maximum energy product (BH) max has 9.7 
or more MGOes, and, as for a bond magnet concerning this invention, 9.5 or more MGOes of densities have 
three or more [ 6.1 g //cm ] preferably. 

[0082] In addition, under environment of 80 degrees C and 90% relative humidity, at least 120 hours or 
more have desirable elapsed time until rusting occupies 10 area %, and the corrosion resistance of a bond 
magnet concerning this invention has 130 more desirable hours or more. 

[0083] Next, a manufacturing method of a bond magnet concerning this invention is described. 
[0084] It can mix [ binder resin and ], and a bond magnet concerning this invention can knead foliaceous 
rare earth-iron-boron system magnet alloy particle powder of a flat tree for bond magnets concerning this 
invention, and can obtain it by carrying out the fabricating operation of this kneading object by method of 
fabricating common knowledge, such as injection molding, extrusion molding, compression molding, or 
calender shaping. 

[0085] Many things can be chosen by the fabricating method, as said binder resin, when it is injection 
molding, extrusion molding, and calender shaping, thermoplastics can be used, and thermosetting resin can 
be used when it is compression molding. As said thermoplastics, resin, such as a nylon (PA) system, a 
polypropylene (PP) system, an ethylene vinyl acetate (EVA) system, a polyphenylene sulfide (PPS) system, 
a liquid crystal resin (LCP) system, an elastomer system, and a rubber system, can be used, and resin, 
such as an epoxy system and a phenol system, can be used as said thermosetting resin. 
[0086] A mixed rate of foliaceous rare earth-iron-boron system magnet alloy particle powder of a flat tree 
for bond magnets concerning said this invention is 85 - 99 % of the weight, although optimal mixed rate 
changes a little with fabricating methods, in injection molding, its 88 - 93 % of the weight is desirable, its 85 
- 92 % of the weight is desirable in extrusion molding, its 96 - 98.5 % of the weight is desirable in 
compression molding, and its 85 - 90 % of the weight is desirable in calender shaping. A bond magnet which 
there are too few rates of magnet alloy particle powder for less than 85% of the weight of the case, and has 
sufficient magnetic properties in it is not obtained. A maximum of a mixed rate of magnet alloy particle 
powder in said each fabricating method can be determined based on a demand of the fluidity of a kneading 
object with binder resin in which each shaping is possible, or mixture, or a mechanical strength of a 
moldings. 

[0087] In addition, in order to face manufacturing a bond magnet, to make shaping easy or to fully pull out 
magnetic properties, an additive of common knowledge, such as a plasticizer, lubricant, and a coupling 
agent, other than binder resin may be used as occasion demands. 

[0088] That these additives should just choose a suitable thing according to the object, as a plasticizer, a 



commercial item according to each activity resin can be used, and the total quantity can use about 0.01 - 
5.0 % of the weight to binder resin to be used. 

[0089] As said lubricant, stearin acid, its derivative, inorganic lubricant, an oil system, etc. can be used, and 
about 0.01 - 1.0 % of the weight can be used to the whole bond magnet. 

[0090] As said coupling agent, activity resin and a commercial item according to a filler can be used, and 
about 0.01 - 3.0 % of the weight can be used to binder resin to be used. 

[0091] said mixing — mixers, such as a Henschel mixer, a V character mixer, and NAUTA, etc. — it can 
carry out — kneading — a 1 shaft kneading machine, a 2 shaft kneading machine, and a mortar — a type 
kneading machine, a knockout kneading machine, etc. can perform. 

[0092] A moldings obtained by carrying out a fabricating operation by said fabricating method can be used 
as a bond magnet concerning this invention electromagnet magnetization and by carrying out pulse 
magnetization according to a conventional method. 
[0093] 

[Embodiment of the Invention] The gestalt of typical operation of this invention is as follows. 
[0094] The particle shape of the particle which constitutes rare earth-iron-boron system magnet alloy 
particle powder judged by performing appearance observation by the electron microscope. Moreover, 
calculation of the diameter of an average major axis of particle powder, the diameter of an average minor 
axis, and average thickness was shown by the result of having measured about 30 particles shown in the 
electron microscope photograph expanded by 100 times. 

[0095] The phase structure of the alloy organization of the particle which constitutes rare earth-iron- 
boron system magnet alloy particle powder was observed and measured using high-resolution transmission 
electron microscope HR-TEM (JEOL Co., Ltd. make), a nano beam electron diffractograph (JEOL Co., Ltd. 
make), an energy dispersive X-ray analyzer EDX (JEOL Co., Ltd. make), and X-ray diffractometer (Rigaku 
Industrial Corp.) (target: iron). 

[0096] Magnetic structure of said alloy organization was considered as the check of magnetic structure by 
identification of a crystal phase by the electron diffraction which used the above-mentioned nano beam 
electron diffractograph. That is, it checked that it was soft magnetism by identifying alphaFe mold crystal 
and a Fe3B mold crystal. Similarly, it checked that it was hard magnetism by identifying a Nd2Fe14B1 mold 
tetragonal-system crystal phase. 

[0097] Area % of said alloy organization is set to observation by a transmission electron microscope (TEM) 
etc., and means the area rate within a two-dimensional visual field. 

[0098] The value measured by the chemical analysis showed the chemical composition of the particle 
which constitutes rare earth-iron-boron system magnet alloy particle powder. 
[0099] The value measured with the sample oscillatory type magnetometer VSM (Riken electronic 
incorporated company make) showed the magnetic properties of rare earth-iron-boron system magnet 
alloy particle powder. 

[0100] Moreover, beforehand, after the magnetic properties of a bond magnet gave pulse magnetization of 
about 50 kOe(s), the value measured by the B-H curve tracer (Toei Industry, Inc. make) showed them. 
[0101] The Curie point of rare earth-iron-boron system magnet alloy particle powder was performed by 
measuring the temperature change of magnetization using the equipment which set to the sample 
oscillatory type magnetometer VSM (Toei Industry, Inc. make) the case and heating heater as for which the 
sample bearing bar and device under test by the quartz with a thermocouple are made to a vacuum 
ambient atmosphere. That is, after magnetizing a device under test in the magnetic field of 10 or more 
kOes, temperature was raised applying the magnetic field of 1kOe, the value of the magnetization 
accompanying a temperature rise was recorded, and temperature of the point that the magnetization curve 
of a hard phase intersected the magnetization curve of a software phase clearly was made into Curie 
temperature. 

[0102] The rust-proofing nature of magnet alloy particle powder is JIS. Z It carried out by the salt spray 
test method based on 2371. That is, it took out for every fixed time amount, the existence of rusting and 
the situation of an increment and amplification of a rusting point were observed with the scanning electron 



microscope (SEM), and elapsed time until rusting occupies 10 area % showed. 

[0103] When rusting is carried out in between or how it sets to an observation side, and a rusting point is 
increased and expanded estimated the corrosion resistance of a bond magnet under the environment of 80 
degrees C and 90% relative humidity. It is the optical microscope visual field of being 50 times many as this, 
quantitatively, and elapsed time until rusting occupies 10 area % showed. 

[0104] After the density of a bond magnet cooled enough the cylindrical compression-molding bond magnet 
after hardening in room temperature of about 25 degrees C, it measured the height and cross-section 
diameter of the cylinder in a three or more place micrometer, respectively, and calculated cylindrical 
volume from the average. Next, the value which measured the weight of the compression-molding bond 
magnet concerned with the electronic balance, and **(ed) the weight value (g) with bulking value showed. 
[0105] Hereafter, manufacture of rare earth-iron-boron system magnet alloy particle powder is explained 
using drawing 1 . First, so that it may become the presentation of Nd7Fe83.5Co4Nb1Ga0.5 B4 by the . 
atomic ratio 169.2g (99.9% of purity) (Product made from a Japanese Yttrium) of metal neodium pieces, the 
piece of metal iron (electrolytic iron, 99.9% of purity) (Showa Denko Make) — 766.6g Weighing capacity of 
38.76g (99.9% of purity, Sumitomo Metal Mining Co., Ltd. make) of metal cobalt pieces, 15.24g of metal 
niobium pieces, 5.73g of metal gallium pieces, and the 7.1 3g of the crystal boron pieces was carried out, 
respectively, and AUW was set to about 1kg. These were cast in RF dissolution in the argon gas reduced 
pressure ambient atmosphere, and the 1kg rough alloy was obtained. 

[0106] Next, 1kg of obtained rough alloys was put into the crucible 1 made from an alumina, melting was 
carried out at 1350 degrees C by high-frequency heating, and it considered as the alloy molten metal 2. 
Runoff dropping of this alloy molten metal 2 is carried out from the nozzle 3 made from an alumina, argon 
gas 4 was sprayed by the pressure of 20kg/cm2, and the drop 6 of an alloy molten metal was made to form 
from the atomization nozzle 5 to the dropped alloy molten metal 2. The drop 6 of this alloy molten metal 
was made to collide with the copper cone revolution cooling object 7 of diameter of roll 200mmphi arranged 
in the floating direction of this drop, 120 cone angles, and rotational frequency 7200rpm, and the quenching 
congelation particle powder 8 was obtained. 

[0107] The obtained quenching congelation particle powder was what has 15 micrometers in 250 
micrometers of diameters of an average major axis, 150 micrometers of diameters of an average minor axis, 
and average thickness, the average 1.7 of the ratio of the diameter of a minor axis, and the diameter of a 
major axis, and the shape property of the average aspect ratio 17. It has checked that it was the quenching 
congelation particle powder which consists of a foliaceous particle of a flat tree as it was shown in the 
scanning electron microscope photograph (x85) of drawing 2 , when observation according this powder to a 
scanning electron microscope was carried out. 

[0108] The obtained quenching congelation particle powder showed the peak [ broadcloth on the whole ] as 
a result of the X diffraction. As a result of examining this X diffraction result and a high-resolution 
transmission electron microscope observation result collectively, it has checked that most consisted of an 
amorphous phase at least, moreover, the result of having measured the configuration element ratio of this 
alloy particle powder by the chemical analysis — Nd7Fe83.5CoNb1 GaO B4 it is — it was checked that it is 
almost equal to a preparation presentation ratio. 

[0109] The above-mentioned quenching congelation particle powder was enclosed with the quartz tube 
under the vacuum of 5x10-2Torr, and heat-treatment was performed for 3 minutes at the temperature of 
750 degrees C. The clear peak based on two kinds of crystal structures, alphaFe mold (peak expressed 
with A) and Nd2Fe14B1 mold (peak expressed with B), was detected as a result of the analysis of the X 
diffraction pattern which shows the rare earth-iron-boron system alloy particle powder after this heat 
treatment to drawing 3 obtained as a result of X diffraction measurement. Moreover, from the electron 
diffraction pattern shown in drawing 4 f there is a halo which shows existence of an amorphous phase with 
the spot which shows crystallinity, and or and remaining were ****(ed) a little also for the amorphous 
phase. 

[0110] About the rare earth-iron-boron system alloy particle powder after the above-mentioned heat 
treatment, the fine structure was observed using the high-resolution transmission electron microscope, the 



nano beam electron diffractograph, and the energy dispersive X-ray analyzer. Consequently, the hard 
magnetism crystal phase in which the soft magnetism crystal phase in which an alloy organization contains 
alphaFe is a 72 area % degree, and contains Nd2Fe 14B1 to all crystal phases was a 28 area % degree to all 
crystal phases, and when total of these crystal phases made the whole two-dimensional visual field 100 
area %, it was 91 area % to all alloy organizations. Therefore, the remaining 9 area % was a soft magnetism 
amorphous phase. 

[0111] Moreover, the range of the diameter of crystal grain of the soft magnetism crystal phase containing 
alphaFe or the solid solution is 20-45nm, the range of the diameter of crystal grain of the hard magnetism 
crystal phase containing Nd2Fe14B1 mold was 15-40nm, the deposit of each phase was promoted by heat 
treatment from the mixed phase of the crystal phase before heat-treatment, and an amorphous phase, and 
it was observed that crystal growth has also happened. Furthermore, each element of Nd and B was 
condensed by the residual amorphous phase, and it has checked to it that they are 1 1.3 atom % and 7.8 _ 
atom %, respectively from the analysis result. 

[0112] As a result of measuring the room temperature magnetic properties of the rare earth-iron-boron 
system alloy particle powder after the above-mentioned heat treatment with a sample oscillatory type 
magnetometer, for coercive force iHc, 4.7kOe(s) and a residual magnetic flux density Br were [11 .2kG(s) 
and maximum magnetic energy (product BH) max ] 17.4MGOe(s). 

[0113] Moreover, in order to investigate the rust-proofing engine performance of the rare earth-iron-boron 
system magnet alloy particle powder obtained the account of a top, the salt spray test was performed and 
the rate of surface ratio of the rust which takes out every 12 hours and is occupied on the foliaceous 
particle front face of a flat tree was observed with the scanning electron microscope. Consequently, 
elapsed time until rusting occupies 10 area % is 72 hours after, and it has checked that the above- 
mentioned rare earth magnet alloy particle powder was excellent also in rust-proofing nature. 
[0114] After melting the 98g of the above-mentioned rare earth-iron-boron system magnet alloy particle 
powder, and epoxy resin XW-2214(trade name, Japan pel NOx incorporated company make) 2g by the 
methyl ethyl ketone of optimum dose and often mixing rare earth alloy particle powder, the desiccation 
evaporation of the methyl ethyl ketone was carried out, and it considered as the mixture for compression 
molding (it is equivalent to 98 % of the weight of rare earth alloy particle powder, and 2 % of the weight of 
epoxy resins.). 

[0115] The 3.3g of the above-mentioned mixture was put into the press fixture for cylindrical samples with 
a diameter of 10mm, it pressed by the pressure of about 7 ton/cm2 f and the cylindrical green compact with 
a diameter [ of 10mm ] and a length of about 7mm was obtained. 

[0116] The above-mentioned green compact was heat-treated at 150 degrees C for 1 hour, the epoxy 
resin was stiffened, and the compression-molding bond magnet of 3 was obtained the density of 6.3g/ cm. 
[0117] After magnetizing about 50 kOe(s) with a pulse magnetization machine to the compression-molding 
bond magnet obtained the account of a top, as a result of measuring the magnet property of a room 
temperature with a B-H marker, for the residual magnetic flux density Br, 9.1kG(s) and coercive force iHc 
were [ 4.6kOe(s) and maximum magnetic energy (product BH) max ] 10.5MGOe(s). 
[0118] 

[Function] The most important point makes the drop of an alloy molten metal generate by spraying gas on 
a runoff alloy molten metal in this invention. The process of grinding of the rare earth-iron-boron system 
magnet alloy particle powder which consists of a foliaceous particle of a flat tree by carrying out cooling 
coagulation using the revolution cooling object of the cone mold arranged in the floating direction of the 
drop concerned or a disc mold before the drop concerned congeals is not needed. They are the data that it 
can obtain very efficient. 

[0119] the object for bond magnets concerning this invention — flat — leaves — the particle shape of ** 
rare earth-iron-boron system magnet alloy particle powder is not a curved surface — flat — leaves — 
powder covers, since it is a **, it can excel in the leafing effect which is an effect, and can be made high 
restoration at the time of bond magnet manufacture, consequently big saturation magnetic flux density can 
be obtained. 



[0120] Moreover, this invention person considers that why the rare earth-iron-boron system magnet alloy 
particle powder excellent in rust-proofing nature is obtained is because an amorphous phase encloses the 
perimeter of the soft magnetism crystal phase which mainly bears a magnetic role, or a hard magnetism 
crystal phase, and exists and the moderate amount moreover stabilizes and exists. 

[0121] In addition, when performed by the conventional single roll method as a method of producing the 
rare earth magnet alloy particle powder for bond magnets, thickness is irregular, and a thin band with a 
curved surface needs to be made and it is necessary to grind and use this at the time of bond magnet 
manufacture. Moreover, for spherical particle powder being obtained and filling up high density, when 
performed by the atomization method, it is unsuitable, also when this is ground, it becomes the particle of 
an infinite form, and it is not suitable for filling up high density. 

[0122] By the way, the manufacturing method (JP,2-34706,A, JP,2-93007,A) which obtains thin film 
integrated^ circuit powder, such as glass powder and stainless steel powder, as the pigment for coatings or 
a filler for plastics is known. In this manufacturing method, by carrying out cooling coagulation of the drop 
of melt with an umbrella type, a horning die, or a disc-like revolution cooling object, thin film integrated 
circuit powder is obtained, the leafing phenomenon arranged to parallel in a paint film side happens good, a 
paint film side is covered without a crevice, and good corrosion resistance and weatherability are given. 
[0123] 

[Example] Next, the example of a comparison is given in an example list. 
Examples 1-27, examples 1-3 of a comparison; 

[0124] Rare earth magnet alloy particle powder was obtained like the gestalt of implementation of said 
invention except having changed various the <manufacture of rare earth-iron-boron system magnet alloy 
particle powder> example 1-27 manufacture alloy presentation, the rotational frequencies of the 
revolution cooling object in the manufacturing process of alloy particle powder and fuel-spray argon gas 
pressure, and subsequent heat treatment temperature. 

[0125] The rare earth magnet alloy particle powder obtained in the examples 1-27 observed the phase 
structure of an alloy organization as well as the gestalt of implementation of said invention. 
[0126] Consequently, the hard magnetism crystal phase in which the soft magnetism crystal phase 
containing alphaFe is the range of 18 - 75 area %, and contains Nd2Fe 14B1 to all crystal phases was the 
range of 90 - 99 area % to all alloy organizations, when it is the range of 25 - 82 area % and total of these 
crystal phases made the whole two-dimensional visual field 100 area % to all crystal phases. Therefore, the 
soft magnetism amorphous phase was the range of 1 - 10 area %. 

[0127] Moreover, the diameter of crystal grain of the soft magnetism crystal phase which consists of one 
crystal phase of the mixed phases of alphaFe, the solid solution (alpha solid solution which consists of Fe 
and M), or the alphaFe and the solid solution It is the range of 5-100nm, and the range of the diameter of 
crystal grain of the hard magnetism crystal phase which consists of a Nd2Fe14B1 mold tetragonal-system 
crystal phase was 5-100nm, each phase deposited by heat treatment from the amorphous phase before 
heat-treatment, and crystallizing was observed. Furthermore, rare earth and each element of B were 
condensed by the residual amorphous phase, and it has checked to it that they are the range of 10 - 15 
atom % and the range of 7 - 9 atom % f respectively from the analysis result. 

[0128] Many properties of the rare earth-iron-boron system magnet alloy particle powder obtained in the 
main manufacture conditions at this time by a table 1 and the table 2 are shown in a table 3 and a table 4. 
[0129] The example 1 (single roll type melt quenching method: Japanese Standards Association issuance 
"talk of amorphous metal" (1 988) the 36- 37 pages) of a comparison 

This molten metal was thinly extended on the periphery front face of the revolution cooling object of a 
forging roll die which obtain an alloy molten metal like the gestalt of implementation of said invention, and 
this alloy molten metal is made to flow out of a nozzle with gas pressure, is arranged in the runoff direction 
of the alloy molten metal concerned, and rotates to a lengthwise direction, and it made thin band-like one 
carry out cooling coagulation except having considered as the alloy presentation of an example 20. The 
obtained cooling congelation was a thin band with a thickness of 30-50 micrometers. The thin object 
concerned was used as powder 500 micrometers or less using machine grinding and a sieve. The particle 



shape of this powder was GAREKI-like as a result of electron microscope observation. The manufacture 
. conditions and many properties of GAREKI-like powder which were acquired are shown in tables 2 and 4. 
[0130] The cooling congelation was obtained like the gestalt of implementation of said invention except 
having considered as the alloy presentation of example of comparison 2 example 20, and having not 
sprayed gas on a runoff alloy molten metal in generation of quenching congelation particle powder. This 
cooling congelation has the uneven thickness of about 100 micrometers thru/or about 1mm, and was 
presenting the tabular gestalt at which it swerved and turned so that it might lenticulate. The coagulation 
object concerned was used as powder 500 micrometers or less using machine grinding and a sieve. 
Powdered manufacture conditions and many properties which were acquired are shown in tables 2 and 4. 
[0131] The example 3 (the gas atomizing method: Maruzen issuance "a metal handbook" (the 932-933rd 
pages of 1 990 issuance)) of a comparison 

Except having considered as the alloy presentation of an example 20, obtained the alloy molten metal like 
the gestalt of implementation of said invention, this alloy molten metal was made to flow out of a nozzle, 
and the inside of such a sufficiently large chamber that it does not collide until it makes the drop of an 
alloy molten metal generate and the drop concerned congeals by spraying gas on the runoff alloy molten 
metal concerned was flown. During the flight, the rapid solidification of the above-mentioned drop was 
carried out, and it fell. The obtained body was spherical powder which has the diameter of several 
micrometers thru/or the large particle size distribution of the range of hundreds of micrometers. Powdered 
manufacture conditions and many properties which were acquired are shown in tables 2 and 4. 
[0132] 
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[0133] 
[A table 2] 



mffiMJk 










(kgf/cm 2 ) 




Stefan 


(rpm) 


3t$fc#j21 


Nd, Fc 82 .5 Co 4 Nbi Cuo.5 B s 


RUM 


1000 


20 


780 


Hff$0'j22 


Nd a Fefio.5 jCo 4 Nbi Be. 5 


RUS! 


7200 


5 


760 


M80J23 


Nd„ Few, Co 4 Nb liB B 1B 


RglS 


7200 


10 


760 




Nd 8 Fcre.g Co« Nb 2 B^g 




7200 


20 


760 




Nd a Fe ra Co 4 Nb 2 .5 B^s 




7200 


20 


760 




Nd B . t F eT9 . E Co< Nbi B 7 


R^S 


7200 


20 


720 




Nd 9 F e ig Co 4 Nbj B 7 


RIH! 


7200 


20 


720 




Nd, Fe 82 . 5 Co 4 Nb x Cu 0 . 5 B 5 




780 




Nd, Fe B2 . 5 Co, Nbi Cu 0lB B 6 


RSiS! | 7200| 20 


780 




Nd, Fe 82 . 5 Co + Nbj Cu 0 , s B 8 




780 



[0134] 

> table 3] 







ua 

Men 


Hn 


3 

Mm 


it & 
MS/ 
£US 




**aj5 




00*) 


OS 


ttttt 


hi ma) 




rfatft+fei 


OfSc 


3£fiB 
ted 


BESff 
B r 
rc 


i H c 
kOe 


r-« 

CBH)a*x 
<BGO.) 


Tc 
CO 


name 

area 


mm 






250 


ISO 


19 


l.T 


n 




12 


Z5 


51 


s 


10. 1 


4.0 


IS. 2 


428 


60 






245 


155 


H 


1.6 


IS 




14 


26 


94 


6 


11. I 


4.6 


16.6 


424 


60 


R*KW 




255 


165 


IS 


l.E 


n 




15 


25 


05 


5 


D. B 


5.0 


16.0 


343 


84 


XttffH 




265 


115 


IT 


1.8 


Hi 




12 


25 


94 


6 


10. f 


1.1 


17.1 


361 


72 


J5Sfiff6 




255 


155 


IT 


1.6 


IS 




74 


26 


94 


6 


10. E 


4.1 


16.9 


431 


72 






245 


165 


n 


1.5 


19 




15 


25 


92 


8 


10.2 


4.2 


15.4 


360 


60 






203 


193 




1.4 


14 




10 


30 


90 


10 


». 8 


4.4 


15.3 


39fl 


00 






266 


1 86 


21 


1.6 


13 




12 


2B 


90 


10 


11.1 


4.7 


18.4 


428 


60 






335 


235 


35 


1.4 


10 




15 


25 


82 


S 


10.1 


4.1 


16.7 


326 


60 






285 


115 


11 


1.5 


16 




10 


30 


90 


10 


ID. 3 


4.2 


15.3 


448 


72 






. 295 


1S5 


25 


1.6 


12 




« 


26 


91 


9 


...9-.S 


7% 5 


15.5 


378 


60 


XMR12 




345 


Z55 


35 


1.4 


ID 




10 


30 


91 


9 


10. s 


4.4 


IS. 3 


391 


60 


»S*ffC3 




24S 


165 


13 


l.E 


19 




™ 


29 


94 


e 


lt.l 


4.7 


17. 1 


432 


60 




ft**©*** 


285 


2D5 


Si 


1.4 


13 




10 


30 


00 


10 


11. 3 


E. 1 


18. 1 


43* 


60 


RRfffis 




255 


m 


22 


1.5 


13 




14 


26 


91 


9 


11.5 


1.6 


17.1 


42? 


60 






. 215 


,,,,155 


11 


. . 1.6 






T5 


25 


PI 


9 


IP. J 


1.8 


IP. 7 


Jtt 


72 


K*ff!17 




265 


165 


14 


1.7 


19 




13 


27 


95 


5 


10. 6 


4.8 


17.0 


386 


60 






285 


20S 


25 


1.4 


11 




14 


20 


91 


9 


10. 4 


4.9 


17.2 


382 


60 






31E 


205 


21 


l.E 


11 




12 


2B 


90 


10 


10. S 


6.7 


16.3 


433 


60 






120 


B5 


C 


1.3 


20 




14 


26 


SO 


10 


10. 3 


3.0 


13.6 


430 


84 



[0135] 

> table 4] 









its 

Mm 


UE 

Mm 


Mm 


*PfSMtt 










(itBJfMO 
CI) (K)BD 




tfB(a+b=100I) 


&nm 


tit: is 

D r 


i H c 
kOo 


(DH)mx 
<H£Oe) 


Tc 

r& 




am 








430 


410 


93 


1.2 


s.o 


fcHC 


73 


27 


93 


7 


11. 1 


4.1 


10. 9 


421 


00 






4T0 




D3 


1. 1 


5. 1 




60 


31 


04 


6 


10. 3 


4.1 


13. 6 


420 


60 


mm 




429 


354 


80 


1.2 


5.4 




54 


46 


92 


8 


10.2 


6. I 


11.4 


401 


60 




« 


333 


710 


30 


1.6 


9.3 




43 


57 


93 


7 


9. 9 


6.4 


11.1 


382 


60 






277 


946 


61 


1. 1 


6.4 


twe 


30 


61 


S3 


7 


0. 8 


(. B 


19.2 


382 


60 






290 


150 


34 


1.9 


8.5 


nistfijs 


21 


79 


96 


4 


10.2 


6.4 


IS. 5 


360 


60 






325 


19S 


49 


2.1 


0.6 


tPft 


16 


62 


99 


1 


9.8 




18. 1 


330 


00 


«*ffC 














fcBt 


72 


28 


01 


9 


10.7 


4. 1 


IE. t 


430 


50 


♦W 














KiflffiC 


73 


27 


92 


- 8 


10.0 


3.4 


9.6 


408 


48 


















73 


27 


92 


6 


9.2 


4.9 


10.3 


417 


48 



[0136] <Bond magnet with which rare earth-iron-boron system magnet alloy particle powder is mixed> The 
bond magnet was obtained like the gestalt of implementation of said invention except having changed 
various classes of examples 28-54 and magnet alloy particle powder used example of comparison 4-6. 
[0137] The main manufacture conditions and many properties at this time are shown in a table 5. 
[0138] 
[A table 5] 
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[0139] For 7.2 - 9.3kGauss and maximum energy product (BH) max, 9.5 - 12.5MGOe and density were 
[ coercive force iHc / 3.7 - 6.4kOe and a residual magnetic flux density Br / 6.2 - 6.5 g/cm3 and the 
corrosion resistance of the bond magnet obtained in the example of this invention ] 132-212 hours. 
[0140] 

[Effect of the Invention] Since the foliaceous rare earth-iron-boron system magnet alloy particle powder of 
the flat tree for bond magnets concerning this invention has the big residual magnetic flux density Br and 
the high coercive force iHc, consequently its maximum magnetic energy (product BH) max is large, and it is 
excellent in rust-proofing nature and excellent in the leafing effect, it is suitable as a charge of high 
performance bond magnet lumber. 

[0141] And under 10 atom %, since it is few, the amount of rare earth can obtain the foliaceous rare earth- 
iron-boron system magnet alloy particle powder of the flat tree for bond magnets concerning this invention 
in favor of economical and an industrial target. 

[0142] Furthermore, the bond magnet obtained using the foliaceous rare earth-iron-boron system magnet 
alloy particle powder of the flat tree concerning this invention It originates in the foliaceous rare earth- 
iron-boron system magnet alloy particle powder of the flat tree to be used having many above-mentioned 
properties. Since density is large, while it has the big residual magnetic flux density Br and the high 
coercive force iHc, consequently maximum magnetic energy (product BH) max is large, and excellent in 
corrosion resistance, and being able to miniaturize, it is usable for various uses. Therefore, it can be said 
that the industrial availability of this invention is very large. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the equipment which manufactures the foliaceous rare earth- 
iron-boron system magnet alloy particle powder of the flat tree in the gestalt of implementation of 
invention. 

[Drawing 2] It is the scanning electron microscope photograph (x85) in which the particle shape of the 
particle which constitutes the foliaceous rare earth-iron-boron system magnet alloy particle powder of the 
flat tree obtained with the gestalt of implementation of invention was shown. 

[Drawing 3] It is the X diffraction pattern which showed the crystal structure of the particle which 
constitutes the foliaceous rare earth-iron-boron system magnet alloy particle powder of the flat tree 
obtained with the gestalt of implementation of invention. 

[Drawing 4] It is the electron diffraction pattern in which the crystal structure of the particle which 
constitutes the foliaceous rare earth-iron-boron system magnet alloy particle powder of the flat tree 
obtained with the gestalt of implementation of invention was shown. 



[Translation done.] 



(i9)B#g#ffr? (JP) 02) & §| *£p |^ & Wi (A) 



#51^11-288807 

(43)^M0 ^11^(1999)10^193 



(51) IntCl. 6 
H 0 1 F 1/06 
B 2 2 F 1/00 
9/08 
9/10 

C 2 2 C 38/00 



3 0 3 



F I 

H 0 1 F 1/06 A 

B 2 2 F 1/00 Y 

9/08 M 

9/10 

C 2 2 C 38/00 3 0 3 D 



m&m\zm< 



(21)ffl«## 


1-28997 


(7DWISA 


000166443 










F*BBXM£t*5S3rfit . 






¥*£ll¥(1999)2Ji5B 




i£g»isa^®K«;ii»rBr7# i # 








8I» iEBS 




(31>«5fcffc£3B»^ 


$#K¥10-41074 






§i#4FBBXiH*5S; 


(32)ffi5fcB 


¥10(1998) 2 H 6 B 




£&*;ttx«ft 




(33>ffi5fc*33BB 


B* (J P) 
















!l#4FfBBX3H*5£ 








£*btf*x«rt 










*□ mm 


















£*fc*1*x«rt 





(54) [5gW©*ift:] 



(57) [£»] 

[HUB] *t ftSSiSf SB r ^S^ffiBA 1 H c 
l«tx*J^-l (BH) Bax #**<, 

JFJ^fi*S36»6 0~5 0 0 Aim, 
ttg#5 0 — 4 6 0 um, ¥i3J¥£#3~ 1 0 0 Aim, 
¥^«Jt^*l. 1~1 0, ¥i$7X^ hit#3~l 0 
0 ■p*5I?*Ol«ft±a-ft-#n>»15^ft 

S»Mrr 4 £ t fc«fc 0 -&&}§i!§(D#«£ 

«4^*<hU 6 0 0~8 5 0t©iBH 

■c jp^saa-r a c t ^ £ o f# s . 



*3 BS ¥11 -288807 



/ 

[If 1 1 tSt^ ^tt^fflT*®*^©!!^ £ ft 3 

SUfigri* 60~500Mm, 5 0 ~ 4 6 0 

/zm, ¥$JSa**3~l 0 0 urn, ¥J^«lJt. (fi*S/ 
SMS) #1. 1~10, ¥^77.^:7 hJt 
JfS) #3~1 0 0-C84#>K«5fflfi¥*Oi«S 

[§f#9 2] -*±«-&-#n>«E£&!&^©3- 
*aj*#£R x F e 10 o-x-y-z-wC o y M z B ff (fcfcb. 
R«, Nd. Pr, Dy. T bKXKC e j&>£>8fc£tt*# 

±«7c*o-axttz:aa±. m«. ts, v, cr. 

Zr, Nb. Mo, Hf, Ta, W, Mn, Cu, G 

a, Ag&tfS i*»&attn47C*©— axia^SE* 
±, x, y, zRtfwte, -tn-^n, 5^x^10, 

1. 0^y^9. 0, 0. l^z^5, 2^w^7, 9 
^ (x+w) , 5< (y+z) ) X*mt>t<ft2>m.l&*& 

b, R-D, aFe, (oFetMtA^SSHS 
#) XttoFetH*{*:t©jB^fflC!)^"fn*0»JMB 

to-tn^ft**. M8&#ar 

ffl*CWaibT^S£-&fflJ$£WbT:feO. b#>fc, M 

[«J#B3] §KiHc*!3. 5kOePi±, 
^mSgSB r #9-. 5 k GfiiU&rflftTttKSlX*;!^— 
& (BH) max**! 3MGOeK±TS5^1XS 
2§BSi©#> K«5fflffl¥*0»tt»±«-*-#n> 

lffi%M4] 5£R X F eioo-x-y-z-w c °y M z B w ^ 
fc*b. R«, Nd. Pr, Dy. T b&XN*C e 

n**±a7c*o-axj4na6Ji±, m«, ti. v. 

Cr. Zr, Nb, Mo, Hf, Ta, W, Mn, C 
u. Ga, Ag&tfS i 3&»SStfnS7c3!<D— SXte— 

ae/,±, x, y, zsiJwn *n*h5ixi.io. 

1. 0^y^9. 0, 0. l^z^5, 2^w^7, 9 
^ (x+w) , 5< (y + z) ) T^fc> 2*13 

i«oKS«anfcn«s!xttn«i!oiateJ , &aH*:ro*ffiK 

t, 3Ka^*B*tHM0**6 q o~8 5 oic©iBfl[ 

mm-cm&Mm.?z> z\ t -sit #m 1 75M 3 © 



(2) 

2 

T©*^8 5-9 9**X©«£TjB£S*lTV*S;i£ 

[589§©B¥»fcRE] 

io [0 0 0 1] 

SBr, aiC, 9. 5kGJy,±t, IWAiHc, 
3. 5 kO e£A±i:^WL, -^©SS*, 

x*;m?-« (bh) Kittttcffin, j. 

o, y-:7*>^&*fc«n&Jp>H»5fflfl¥*©Sr 
[0 0 0 2] 

20 [«e#©&w] #>h*^s«, -t©»«efttt^»j«-+j* 

Htgft £ ©?U * * fed . 6 *««6*> S Hi* 

«ffl*»e»*wa©/.hS! • m&wzft^T. z.mz&m 
sn*#>F«5a#©/h3Kfc#a<R#3*iTv>*. 

[0 0 0 3] \z&E<D/hM4k<Dfttb\Z\$* m5©iS 

HctWU ^©*£». **IStI*M-i (B 

H) MX ^tl^ti!i?34<S*^nTl^. 
[0 0 0 4] micDffiO, A'D^A^x^-f h^Xhn 
so >f ^7A7i5< h^fl)-?^ h^WH H7i7 

9 A^©Kffc^&&{fc&^©£tififcM**£ffl HTSSjg 

[0 0 0 5] b^b, ^©7x7^ h#> HfiS5©ffi^i 
fctttt, ISatfSBr^2~3kGm ft 

iHc*«2~3kOe g*, S7Cffi^,X^;i/^— a 
(BH) maxtfl. 6~2. 3 MGO e SST'SoT, 

40 fifflStiawso/M! ■ mmik\z\z-\-ftt3i%<DT~\z?3. 

[0 0 0 6] «5©S5ttffifttfi«»fl;^OS*tttt* 

^•5tC5*%<, 1 9 8 2^H#±^7cm©[^T : felfc 

^ffe*«. (*) t*H-t?*5;u ; e-^-x 

ffl^nx^o, ^>Km5^©®§ifcfT^nTv>-5o ^ 
£K^©a^fte©ft±£*#T*±$i-&-#a>^ 

so gEirUffl-fbsnTi^. 
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[0 0 0 7] «HSX«xyj>y«5tt. ft (oFe) 
fb< <h N d 2 F e H B i3!iE#fif t£<®> £ © 

©t, *■©#««, fi^#±a"&**t*#ift3aaa» 
«nfc«E £ ft * mutt's i^oibt^^nt^ 

•5. 

[0 0 0 8]SP*>, Nd«©f±Si*Sl 01S^%*^ 

Atf, -tf*^*— XtfiBSSLfcrliK© "MQP" 
(i$n D q£) 03«t3tNd«O#±Sai*Sfl3^*iiaj«C 
ifilUO-l 5IS^-XO#±S-ft-#D>*«5^ 

KJfc^, «»«tt±©5l*5 1 >v'-v;fc0»!ls<, sfc. iis-fffi 

[0 0 0 9] IMBNd#©#±jH*#l OH^X**© 
«±«-«-#n>*£»;*:/U>^«5£fclCtt, & 
HtffitLTaF em*tF e3B^F e2B*^tT 

1 3 k G t?Ct V>*«fiiBA i H c liB* 3 . 5kOe* 
»t<SV»fc©T?*»), «#»4, i H c *» 

3. 5~7. 7 kOe ttfcttW*V»3&*. a««*!Bfl[B 
r ifil 0 kGg££t~FT?**fc>&. "MQP" tJt'C* 

tm^m^mmB r ra^v^a f e*#*ttfc^Tfi 

[0 0 10] iUST, *±a-«-#D>5fi«5^ 

»»K6l>TB. ^— ©/hSMtitt««5©««tt 
*£«■©«£*&, 3!lfS«**aB r ££$873 iHc© 

mmBriPQ. 5 kG&Lh, fiU&TJ i Hc#3. 5 kO 
e«±T**Il£#3l<£#;£*Trv»-5. 
[0 0 11] 3=fc, Nd«©*±«£$tM8e£fttt. 

©»±£££tf«5£&«/HV>T9lifiahfc:i|?> H«5 

tt. Wfctt##*©-r. -jfifcttWlB*©?** ? t?> 

[0 0 12] ^T, Nd<ffO#±JB*$tr«S^*0 
*£ij&»fflfrc*. ffl&KcfcoTW:, Bla-f^^' 

s?rt6tt%>*«&», ^±!8t-ft-#D>» 
[0013] #>K«5»a, a*, «5»**ie 

^JBWJB'f 0 & A/Tfi&JST -5 ^ t C«k 0 Hit 3 n* 
**. »5»*©#tttf »frttT*ntf gli (iMMBBIr] b 



(3) 

4 

££ttE£t,hft£„ EP^, ffl&«Mft£t>©©. WBH 1 
2-3 4 7 0 6*t^$B© r ■ • • Si^ffl©«&*tbT 

a, -jRt:»frtt©t>©*«»*bv»tanTv»*. -rft 

to -6. »*«rfc»JS©«JBlCg£LT*J^»0, 7.71/ 
-<ffT?ft*bfct#. «MB©8Mbl5fc£i;*SffiiB;&K 

■-*r*n»»> <~>«bT£ o fc8FftWAtew«tt*"f*#-f 

io • • - J ft£!3i!i©jID, #>KJK5© 

BEt^-rfc. te^jKtt^ftifiTrftVifliT*©*^© 
SftSfiMa^Sfitf-ftsleSffl V»S CtCiDU- 
7-c>»:i:oT 1 #>F«5«N;::&W-*»*©3fe 

*««s*»Ki±w , *i:t3j«-e#*fc«)#>h*aE©ffl 

»8«««Br*«iSlil/, IH>Tte«*aax*;i/*- 
f» (BH) Bax SifiS»S;L£j&n>riB£ft*. fuT. »J 
^aSKflmfctt^^tflftiBTft^flV*© 

us. 

20 [0 0 14] BP'S, *£ft38B«Si*flEB r £i«U&a 

*iHci£ti, ^©^*, i^an^M-a 

(BH) max 75t^:^<, gS»ttlCffin« RZ>* 

>^Sl:ffinfcl¥*©l«S-ft-#n>Sl 
5^«t^»**J»<S*$nTVs*©T*5. 
[0015] ft*3, F e (fc£U 9 1 

*»t?».6. ) <tu i«xtt2«»±©*±si7c3is 

(r) (b) $:$m?z>M.%;jkJ\mmt'mz# 

HT, 1 Offi«X«T©ft«tt#iiJtffl££*-, 
R-Fe-B *«jr«tt{b^«*^tTlSaKffl^ 6ft* 
so *X«5*mtt4M8JTfc* 0WfH¥ 8- 1 6 2 3 1 2^ 

&«) . 

[0 0 16] 

- [5BW*«<BftbJ;5 tTSilffl] **fta««*«flEB 
r^ftiAlHctitU -?-©^*> ft*a^X 
(BH) MX *«^:ff<, B6«H4fc«tt» B. 

e^&SHMasfca. aft, ftfegssnT^itni-p 

«5£&*m&*tt**:l#&nT^ftV>. 
40 [0 0 1 7] JP-6. h5H3#M¥8- 1 6 2 3 1 2#&* 
• ta«©S±^-ft-tf D>»5£:£te, H4i*B© 
5J ££Stt$£&B r 3ft«0. 6 2-0. 9 7 T (6. 
2~9. 7kGCflSn. ) gg. §IAiHc)5i 
0. 16~0. 2 1MA/m (1. 25~2. 6kOe 

\zm%?%. ) mm* «*«ai*M-« (bh) „ a 

X!iU9. 7~7 2. 0kJ/m3 (2. 5~9. 0MG 

oetftat*. ) eaetE«6*nTv»*aD, «a7j 

i H c ifll6A 3 k O e gft. 8B«3fc««B r jftJjBS* 1 
0 kGgfit<S^t>©T*-3fc. 
so [0 0 1 8] HtFtti1fM¥8 - 1 6 2 3 1 2^&«©sfe!fi 
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5 

«2~4fcB*©#±«-tt-#n>*«5£fca. M 

[0 0 19] ^^T\ *569itt. *Si&:38B«JM5«B 
rtitV>««*IHci:*tU ^©i&*, ft^c^X 

(bh) 1M *«^c*<, j. 

tt#±« - ft - #n-/*I5S4tSff»* 
[0 0 2 0] 

[«HS»ft-TS l»HEjBE*WIMBl4, #© 

[0 0 2 1] IP*,, *5B9ltt, St^JiSttJWH 3 ! 1 *©*^ 
©8ff*>&fc«»±«-ft-#a>S«5££tt ; H&* 
T£oT. ¥19fitt&a*6 0~5 0 O^m, ¥^@WS 
^ 50 — 460// m, ¥*%J¥£**3~ 1 0 0 Mm, ¥^ 
tttt 1-10, ¥*37X^ 

hit (fitt&/JP£) 35*3 — 1 0OT*5#>KI5ffl 
«¥*©SI«#±!B-tt-3pn >«15&4ef»*-r 

[0 0 2 2] £fc. #±S-«-#d>*« 

5-&^ja^©-a-^ffi^S;R x F e 100-x-y-z-wC o y M z 
B ff (fcfc't/, Rte, Nd, Pr, Dy, TbWCe 

*»6«jd;n5#±fS7c*©-axtt=.aK±, m&, t 

i, V. Cr, Zr, Nb, Mo, Hf, Ta, W, M 
n, Cu, Ga, A g&tf S i *>£gtfn?>7ci!i©— 81 
X«-«£Lh, x, y, z&tfwte, -^fl^-'n, 5^x 
S10. 1. 0^y^9. 0, 0. l^z^5, 2 
^7, 9^ (x+w) ,.5< (y + z) ) TSfr^nS 
&fi££#L. J.O, aFe, (oFetMti^ 
ttSH**) Xtta F e tlSflcCOl^fiC^fft*© 
ISaffi^6a:*«t«ttiliftffitNd2F e ^BiSiE^* 

&&*««ttisiiffifc©*n-£nj&*, t«8tt 

#>H«5ffifl¥*©at«M&±«-«-#n>5S«5^ 

[0 0 2 3] $ fc, iHc#3. 5 k 

OeHl, £Btt$&&B r#<9. 5 k GJW±Rtfft* 
^X^jl^-Ht (BH) max**! 3MGOeH±Tj 

4flaE^-rna>©#> K«5ffl« s P*©si«*±«i-* 

[0 0 2 4] #S8!flW:. ^R x Feioo- x -y-z-wC 

o y M z B w (fc£L, Rtt, Nd, Pr, Dy, TbS 

wce^6atfn5*±a7c*©-axttnaeii±, m 

«, Ti, V. Cr, Zr, Nb, Mo, Hf, Ta, 



(4) 

6 

W. Mn, Cu. Ga, AgfttfS I !G>&atfn*7u* 

©-fflx«-am±, x, y. z&tfwte, -tn-^n,- 

5^x^10, 1. 0^y^9. 0. 0. l^z^5, 
2^w^7, 9^ (x+w) , 5< (y + z) ) 

&*»©««&£*s-e\ ^WiWtmtimm-fzmz, m 
• ttffi»©fflonr^iK:GSS n7OT«tffl3aaB«sr©ia*K 

io ^#©S®KK^£«^£ii-5££K±^T^i& 
*tU *lr>T?, SKJ&»*H*fi^»*&6 0 0~8 
lvfna»©'#>F«5ffl«¥*©*tt*±*-tt-#n 

>*«5^*«[ : P»*©»jiftT?*a.' 

[0 0 2 5] Stfc. *3S9itt, mEt»Tn*»©5l«>K« 

<b ¥*©sitt#±« - « - # d >*«5-&*e : f-» 

a»fisp*©a&R*±iH-«-#n>3seEd*a[ ; p» 
20 jfc#8 5-9 9a*x©ti^trs^B^anTv»*c:t 

£f# mt-?Z>X> K«ET*5. 

[0 0 2 6] *^HJ©*^^«fcDI¥L<BJJBJ-rn«, ifc 
©iiDT&£. 

[0 0 2 7] ST, *5898Kff*#>H«Efflffl¥*© 

[0 0 2 8] #fgBJHC#-5#> h*fiS5ffl*±M-ft-# 
P >^5^^e^*$r«J5£-r^e ; J 1 ©S^^«tt{i 

T^fflttttSD, §s©*owfi»ge6o~5o 

30 0/zm, 5T£ b< &8 0 — 5 0 0 jam, J; t>$?Sb< te: 
1 0 0 — 5 0 0 Aim-e$>-=>T, ¥J3@tfcgte5 0 — 4 6 
0«m. £?£L<te7 0-4 6 0 Mm, <fc <3*?£ L<te 
8 5 — 4 6 0 /zmT&oT, ¥i$Jp£ « 3 — 1 0 0 p. 
m, #3- L<te5~9 5 /xmT&oT, ¥^«lJ± (AM 
• 6/jSttH) HI. 1-10, ffSKttl. 1-5, 
«fc»5flF*L<ttl. l~3T*oT. ¥i$77.^ hit 
(fi*g/JSa) te3~l 0 0, #£L<«3~5 0, 

[0029] ^sswcffa^^KaefflfliT*©*^* 

[0 0 3 0] MfB-g-^mfiKtt. 5£R X F e 100-x-y-z-wC 
OyM z B w TS$n^. Rte, Nd, Pr, D 

y, TbSI/CeA^il«n-5*±^7C^©-ffiX«— 
«J£UT'&-5„ JS^a^SSB r i H c £#it 

■rna, Nd, pr, n<j-p r^-^s^^n^fcte© 

»±!«7C*>J«S^an&'b©**»Sb<. Nd, PrAt 
itiffSl/H. &fc*U ±EK*l-©»±!a7C***±#± 

50 l/i„ 
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[0 0 3 1 ] R»te, 5^x^lOTJ»3, 0f3:L< \Z 
5. 5^x^9, iO»*L<tt6^x^8Tfe^. x 
30*5*S»O»^Ktt. Nd2Fei4Bi^iE*^ B «^affl 

3. 5 kOe^±(r^?>.-r. 1 0£jg;t5Ji£-Cte, a 
Fe, @J§ft (aFetMii»565IIS#) XliaF 

<gaffi©#rtti*tf»*+»-T, Br^l 0 kC^LhWiSSI 

[0 0 3 2] FeiH 1 0 0-x-y-z-wT8S 
n. iIf(lML-T6 9~8 6%©tEBT&5„ 69% 
SSlSMBr»>L, #5891© 

0, *J6«OBMtt5«BAIHc^3. 5kOeH 
[0 0 3 3] Colt MTcJKtifcfcftKAClS^. i& 

[0 0 3 4] CoiB, 1. 0^y^9. 0T£O, $? 
SKttl. 5^y^9. 0. <fcD»£L<«2. 0^ 
y^9. 0T$5. 1. 0 ttt. 
3.U-jSO±#3ft»+«-C3a:<J»5SffittK*a. 9. 0£ 
SA^i^Cd *^#©*4>K«fc*3Se«3fE«£B r 

[0 0 3 5] Mte, Ti, V, Cr, Zr, Nb. M 
o, Hf, Ta, W. Mn, Cu, Ga, AgKtfS i 
*>6atfn-6-a6t±O7c3llT*0. Nd2Fei4B 1 IU 

-5. nFe, (aFetM 

[0 0 3 6] HtfBM7C^©P*g. Mn, Cu, Ga, Ag 

[ 0 0 3 7 ] MTciSiCQMte 0 . l^z^5Ta&0, 
U<tt0. 2^z^4. iOff^KfiO. 3^z^ 
3. 5T*S. 1 &Ml](D\lQ±.®%;\Z 

«, ft*J««- (Fe. Co) ©jfcl>fc:«fc.5B r<0«4>* 

[0 0 3 8] BtEM7t*CD5*., Ti, Zr, Nb. H 
f, Ta. S iSI/Galt ff«*©|fll±CflF#T* £ 

[0 0 3 9] Bit. Nd2Fei4BiS!iE*ji*tSJiffi*» 



(5) 

8 

w^6. 5. «t!9$f*L<«3^wg6. 5T$5. 2 
Nd2F e 14 B il!jE:#ilSiiejMS#>& 
&5««tt«IMl©Wffl;^*3fe#ifc?K i He S 
3. 5 kOe ifc£&V>„ 7 BtfiS' 
«fcftt)38SBS[?B«B r©«3>*8<. 
[0040] R»&^B»©fn«. 9^ (x+w) -ea& 
0 . » * h < tti 0 k±t$ 9 *tf»©«eKiar Si ■ 

iott)iHc^3. 5kOeSSSTt6U. ^cfS: 

»s«*««Br *fia9-r*z£&#*-rtttf, *©± 

EIttl8A«ffiL<, i0ffSL<ttl7t$^ 
[0 0 4 1] CoiSyMifflftH 5< (y+z) "C 
}fSL<B5. l£Lh. <tO»Sb<«5. 5£* 

■ti-53»*jiS»SnK:< <fc*. *S&3SS«JfcttflEB r 
20 [0 0 4 2] *«Wfc«*#>F«5ffifiW*©Sitt# 
[0 0 4 3] *5BMK«*#>F«5ffl«T*©at«» 

ffi©TIBtttt 1 Ifl%TS5. 
[0 0 4 4] tt«tt#ftKffl*«±^^ilfl»o-jfc7EW« 

30 «ffl*«MttiNiffl£©re«a*** <&*©-?, pffl© 

[0 0 4 5] ttBttH*£19M§tt, 8-2 01^%, 
L<tt9~l 5gf%0S±St7 0~9 0Sf%. » 
£L<«7 0~8 5S : ?XC!)«Xtt*t±IB7C*Mt© 

2 2S^-56SJIT, ffSL<a5~18Sf%©# 

[0046] ikm^tsantmiVM&^t<D^r 
£©«att#iistt@«:, ££LT»»M&ft«£fi 

50 2-&Z>Z\£tfT'£Z>o 
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[0 0 4 7] tM8&l|;Afttitt. *ftK«3i«a«Wr* 

[0 0 4 8] #!EWK:ttS#>F«5;8«¥*©*tt# 
Affitt. aFe, 0ig# (aFeiMW^WBig 

tt, Sffl8*S&*B r ©|Sj±lcaf-5-LTV»a. 10ffi« 

[0 0 4 9] ft«tt«iaffi<0^«illttfE», 5-10 
OnmiWSK. <k Off S b < tt 1 0 ~ 5 0 nmCD|g 

[0 0 5 0] IMB&tSiMlfctt, aFe, Higft (oF 
eiMia>6ft51*#) XttaFe£B*#©fi£ffl 
(Dl>-fn^C0*SSffl£A^tF e3B, F e 2B, Cine.t 
MtOlM, FejZr/ifOFeiMtOi 
JRWHfc£ttj&*tt*B« K * * V> tt«jfiIfi±*T«ntt«fc 

[0 0 5 1] #»Wfc«*#>'F«5JlfirF#©*#* 
*tta««tt«SJIffltt. Nd 2 F ei4Bi$!]E?Ni$!$A 

[0052] 9 omm%*Mxz>m^\t. 
^wroawt-rafta* i Hct^tttnn ^© 

8 5Bt%TS5. 

[0053] Mcse^is mits i h c £fg§a 

[0 0 5 4] S^ttifcS IMS Kite. Nd2F ei4BiSKb£ 
*^tefcttttBttfc*Ttf»K«aTS*/h©<b£«ffi£ 

^•AyTt^T& in. 

.CO 0 5 5] ««tt«ftffiO¥i%«gfi»Stt. 5-10 
0 nm£tT36*»*K. iOJfiKlil O~50nm 
©IbBT&S. 

[0 0 5 6] #BWfc«*#>F«5fflflS¥*©jBtt» 

Br*»9. 5kGBH, ffSL<«10. 0kG£l±T 
* 0 . &Mtl iHc4«3.-5kOe fit±. b < « 
4. OkOeWMtU I*IMx*;^-« (B 
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10 

H) m ax* J l 3MGOe£U:, £?£L<«1 5 MGO e 
£JUt£*r-f-5. ^©±IS<ite. ISMSB rAn 3 
kG, M*iHc^8kOe, *^BS^X^;P^-« 
(BH) max #2 5MGOeT$»5." ft*,' ±1E©*&* 
©ffl£M$tt©l>3» B r teJ£©#©B r A^fSiiELT 
©Hibfc'fccOT^O, (BH) maxtDthfffceicDB r £ 

[0 0 5 7] Sfc, *f5MK:«**>H«5ffl« 3 F*© 

10 J I S Z - 2 3 7 1 C*-^<tt*"!ll»tt»SKJ; 

t % 5 0 psiweu:, #su<tt5 susihuju:. £off£ 

. [0 0 5 8] ifcK, *aSWt«*#>H«5fflfi¥*© 
*##±«-«-#P>*«5£&ffi^»5ts©«j6i£fc 

[0 0 5 9] SR X F e i00-x-y-z-wCo y M z B w 

20 RH, Nd, Pr, Dy, TbR^Ce^f.' 

s«n?>#±»7t:*©-ax«-a^±, m«, t i , 

V, Cr, Zr, Nb, Mo. Hf, Ta, W. Mn. 

cu, g astxs i frt>m-£n?>7t%<D— mx\t— aiy, 
±, x, y. zs^wii -tn-fn. 5^x^10, 1 

^y^9, 0. l^z^5, 2^7, 9 S (x + 

w) , 5< (y + z) -caEsn*a^fi^t*:*«t. 

30 [0060] Mm&m : Vi7t%i%ntisTiz, rtJi£©%>© 
^ffi«Tntsj;<, j£(DMm\z. »*, sttt. « 
«*©#«»»© *>©a«a!5. ■toii-rn'bflefli-rsc 

[0 0 6 1] maB^JRSWtbTtt, TfTB£©fc©£i£ 
yyA&«^5. ^<DMm&. »*, * 

«$?©«•«»»© *>©*«*'d. ^-ov^-rntj^ffl-rac: 
40 [0062] mmmmmm^ m^or-^mm^ m 

^XlfO^SttlfHa+TfTS©^*^. 

[0063] ^ic, mt>ntzmm®.-&&*tomMffiLT 
K«t«8K»*ip]KE«ana:R*sxttn«af©iPieft 

3fl#©*HK«*W««££i*«J:£K:J;oT?&#«H 
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tO 0 6 4] ffiESff&&tt. £&*&J*fcfSi;Tft«>n 

i*«t<. aura. miaa^*oiBij&j: o 5 oicbulkv* 
[oo6 5] mE**"r*^ti/Ttt^ett*^*«» 

5~2 0 0 k g f /cm2, ffiKttlO~l 
0 0kgf/cm2T$5. 2 0 0 k g f /c m2£l8A. 

#ciii»"ra*T?Kjftai«H3&**i;a»^*«**. 
[0066] ffleisHE»3jifr©»tttt, njtaixttns 

itST?*4. *fc, mm®fc#i%i#-<Dmfcmt> 100 

0 — 20000 rpm, Sf*b<tt3 000~1200 
0 r pmT&S. EMERtf 1 0 0 0 r pm*iOS^l: 

a, f§ snsaftsafl^Fif 3 u^afto •*»-*"< ft 

■ft*. ft*5. R*g©0te?&aW*£fc: ££»»©*£»«:« 

^3-&*»^k:»a. ^©®s£®ffi«:. R^^wimte^a] 

[0067] sfc, jfcst«to, saffia^*©in»* 

[0 0 6 8] »WK:»aiHfl;S'**iitft<ra- 
tt©#E»©iniJ**j5pa»&. tt^c> Eiej&SJflckij;*}^ 

[0 0 6 9] ft*5, ®fcft3p#K:J:iJ l &SHSiHK:*V»T 
tt, «J»3K:»«3n*««3^JtlS!W*:#<ftD^ ,, rt»fc 
», *Offlfc#&n*a^*H*&^t^£*M!lUft^*» 

HWtt'F® * ti£&R U ft ^ *X K: J: 0 $t:ft7-J& 

[0 0 7 0] fflEIIIE?&##KJ:SJ , &3J*Hfc.fcoTf§ 

#fi*££fB»£-grtrfc©T»*. 

[0 0 7 1] i©#iS^iISIIi, X»@#rfc±»3:/ 

n-h*fthr-i7S:^b. sas!«?afittt (tem) k 

±4«-?»ll»f©AD-/X^->t:J:0*BT?#*. ft 
*5. .£&ifijSK:J:oTtt, #aK©£&&a#t 1 0 0% 
#&nfti^«$#ttfcisaffi*'£tr«£%>*9»*a*. 



(7) 

12 

*»W©BW**»j«T?*<5fc«>k:+»ft*"e*ntfJ: 
[0 0 7 2] C©#ftR^ffeffl»tt««ttS*UT* 

-t©«»wsi!it*K, jsafls©fca©*yasjig 

K*V*T, tea*t©ft*JSfifi*«iWU*IUftlSiMB©» 

**priitr*&»'&&^ff©w«ttsfii±s-»*SB 
ftaa*ffloTv»*. 

[0 0 7 3] HfllBin^SH. 6 0 0 ~ 8 5 0 tWSS 
ffiffl Tfr O . : • 6 0 trC*»©r»£-W:r N "d 2 F e ; ft B i ST 
io jE*S3R*gaffl*»6ft*««ttilSIMIA t +»«fttl1i-r. 
3. 5kOeH±CD«»*iJ«#5nftK 8 5 0tSi 
Al>«^a, aFe, Hig# (aFetMt*5ft5B 
*#) XIJa F e tii#t©g^©^f n^C^i 
ffi 3&» 6 ft S affi © fi* J&RjWH* ft !3 fiUB * 

*«5fi3RUfc<<ftO. 3a^F-r4*k«tt#ftKffl© 
Jt**t*b<«Tb, K«tt3&«5E»SnK:<<ft5. ft 

s mstt s fc * ©*5ift uum&g. s:iifl:a^-r n 
20 [0074] mEta*Mfl3»;:43W-*#fflf&tt. »6ns 

«5£&eTt&*©afS^ttfc«ftfcftV>«HT*ntf 

#£P3S«ftl^\ T;Urf>^fXfti:©^f£tt#H^,fe 
L<ttl 0-lTo r rBnF©*ffif*«B*UV». 

[0075] i»EjtaSRjfiafc*tt*mj!M*wtt. 

i otySkJu&m&vM. i o #*^Ttt+^ftt*:m 
tt^a*i t w«ttis»ffi©«f m**ft s nft 

•3. Sfc, fi<£%>ll$W«l*ia*S$l/<. mMfcE 
5 kOeW±©«fiBa«f§&*lft^te[6]**a&5. 

30 [0076] mnummmz^io, #ai(ffifr&ftaffi 

#4*Sn5. £©15. #aR*B£££IOl£afflK:f5 
[0 0 7 7] #IRifBSatfcft©ftft t UTtt, &a 

ItiO. #aRffl©££ffc*J:tf*TiMl©J***P«£ 

E?>£tfeT^-2>©-r, I«ft^«©tft)lHT 
**. SD^m31&©^JtL,T«. 77yzsa.7——V> 

otii a«©«uaajfeT?t>+»-p**. 
[0078] »s-rs#aKffl©#ffi«^tt»*b<tt 

l~10il%, «fcO»*U<»49®SlX£JlTT»*. 

iis«x**9TttUE© i wtr &nr. w 

»14fg©ft-tfc»!»T£-f. l 0B8lx*iBA4»^k: 

*aRffitteaffl©w**i'»ttisaffiB±©raK« 

[0 0 7 9] ^K. *5fiMK:ff**>H«5t:'3^T5!E 

50 ^•5 „ 
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[0 0 8 0] ■*58W»C«*#>Ha5tt. #fg93K:&5 
8 5 ~ 9 9 HX £3ffiftt££#JWJIl fc-trott* 

©»£fctt;- -8-8~9-3-«»X*«fSb<T-i¥ffi-rit»Jl«- 

SlriE»3H>H«5©»^Ktt, 9 5-9 8. 511%*! 
*f?£L<, 9 6~9 8. 5fi*XrtU:?>$f*L<, * W 
J*##>F«5©»^K:tt, 8 5~9 0II%^ 

[0081] *«wKff*si?>H»5tt. 3as«jMfae 

Br #7. okGEti, £?i;L<«7. 2kGJ^±T* 

ffilAiHc!lS3. 5 kOeJJLt, 5fSl/<!13. 
7kOeH±^tU *;fcX*;M?— 81 (BH) max # 
9. 5MGOe£t±. $?£L<«9. 7MGOeK±, 
mmifi6. Ig/cm3l±?:ft?>. 

[0 0 8 2] 7£*i. *8B^t«5^>KI5©ffi4tt 
tt, 8 0*0, 9 0 %ffl*fSgC0^TT, 56»3&*10ffi 
8W£i5«>SST©«»l$IHa«d>fc<£*>l 2 O&fflg* 
±**S*L<, 1 3 0IBHB£Ub& t <fc9a£LV>. 

[0 0 8 3] mz. *58Mt«SJl?>H«5©Kjfi&fC 

[0 0 8 4] .*56MK«*#> H«5tt, *58W»C«4 

[0 0 8 5] j»Etl^3W»»tUTtt, «»SlC±oT 

pimtt^SltbTli, ?Mu> (PA) £. jflU^nt? 
l/> (PP) x^U>t*-jl/7-tr^-b (EVA) 

#U7i^P>W7 7-f H (PPS) «Att 
Sg (LCP) l7Xh7-S, :J.fc*«£©»Ill#«[ 

[0 0 8 6] WE*5BWfC«S*>H«5fflfi¥*©SI 
tt«±*-t*-#D >3S«5#*«[ ; F»*©iS^W^ 

SJCfcO^aft***, MtBjWC&^TK, 8 8~9 
3lI%WtL<- JfffiriE»Ttt8 5~9 2*«Xj&« 
»*L<, ffi»J*#TW:9 6~9 8. 5li%i!iWJl 
<, *l/>^-«TS8 5~9 0fi&%#jrfi:LV>. 
8 5S*X5M»©»£K:tt, «5^*e^»5N©W^*« 



(8) 

uk. tifne*j*»i*K::fett«*5£&tifc : f»*©ffi£« 

£©±Btt, -tn*n©j*»3ft«pIIBft«S'&aJWIBt©iB 
[0 0 8 7] &43, #>F«5ft»ifr*K:lBbT. j£ 

ijscio. is-&a»ifi©ftK:^iffla<i. »»» *y^u 

- >^fc£fl»©*ini«i*-tt;BUTt>-*^ -•• 

io [0 0 8 8] rn^CiiDitt. glftl-JSUTS^&fc 

ttttffl"raie^*J»ffit*tbT0. oi~5. oa»% 

[0 0 8 9] IMBSaiiLTtt. 7f7'J>»t*OS 
ftWUTO. 0 1~1. 0ii%iS^ffflT§5. 

[0090] Hufs^^yu >i/mtLTit. Gimffimt 

20 HgMjfctLTO. 0 1~3. OltSiggA^fflTfa. 
[0 0 9 1 ] WIBS^tt, ^\>yxM^t- , V^5 

l*tt-ttgtt«, xttil«E«. BSilttffi. fftfliLrg 

[0 0 9 2] ttffijfc#ttfc«fcOj*#ilIIbT»&ftfcJ* 

[0 0 9 3] 

[5SW©*Jfi©»!6] *5EW©ft*tt&HJfi©»ffiJi* 

30 ©iioi?a5-5<. 

[0 0 9 4] f±S-jft-*D>fSS^fif»*S: 

isms. ¥^jps©ncdi»i o offiffcis^bJtm^Ka 

[0 0 9 5] ^±^-&-#D>^m5££^*&*£ 

[0096] me^^fiiei©e!Kifiifi». ±fB^y tr- 

A« : ?*0JfSllSffl^fcfll : f»lHlSTKJ;oT<Sftffl© 
|Bl«K«k?}BB[f!UI|jfi©*Btbfc. BP'S, aFeM 
^ F e 3 B SMSit £ BUTT S ^ t <^ 0 * £ 

tSriSISUfc. IrI^ICLT, Nd2Fej4Bi^]E*^« 

50 fCo 
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[0097] mtt&m.Wi<Dmm%t\-£. m^mm^-m 

fttt (TEM) fc£CJ:a«*K:feV»T.. 2#3cW8» 
[0 0 9 8] f±i-f-^D>«K5^Mf»fS 

[0 0 9 9] #±JB-ft-#n>SM85££tt ; F»*© 

ft®) T#JJ£ b fcttT* b fcc - 
[0 10 0] Sfc, sff>H«5©«SMH£tt, ^#>, » 
5 0 kOe©A°;l/7.*^£S6bfc&, B-H# — 

[0 10 1] ^S-ft-tfO^as^&fifiMB*© 

-*tt*HS»a!«*«-VSM (JK^lMHfcatetha) K 

tCfcOffofc. fiP-fe, ffi«tetm£ 1 0 k O e £U:©« 
m-cmffi.lstz'&. 1 kOe©tt»<£j&H*£#*&fi«£± 

[0102] m^E^^m^mmm^ j i s z 

5, -J&SlfflttlCBcDItiLT, ££l!«?B1Ktt (SE 

M) IckORflW)**, ss»j£©ittbn • jk*©*^ *« 

[0 10 3] #>H160ltttH 8 0"C, 9 0%*@ 
[0 10 4] #>H«5©«£tt. ®fb«<DRS«EEi^ 

$ t wriBitts t-tn^en 3 «Bf«±v-r ^ d * 

u mmm (g) £#*ffi-a£b;t«T^b;c. 
[o i-o 5] &,r. ii^fflw, *±^-s<c-^p> 
*«5£&*m&*©Hififc"3irsTR9iTs. s-r. s 

^JtTNd 7 F e83. sCc^NbiGao. 5B4©fflfijc£ft 
S«t5K. (>Bft9 9. 9%) «*3£ 

£&B#< vh'J^AS) 16 9. 2g, ^JS^it (* 
*BS9 9. 9%) (»SC#aagsi«i«) 7 6 

6. 6 b- ^8^A*;Phfr (>G&9 9. 9%, ftS^R 
|£ULl^S;#a©) 3 8. 7 6 g, ^-^E^Atf- 1 
5. 2 4g, ^I^'J^Afr5. 7 3gW^U^^^ 
affn>Jt7. 13g«n^ftffiLT, ££££ffil 



(9) 

&!§£?TiligbT 1 k g©ffi^*»fc. 
[0 10 6]^tC, f^nfct^lkgSrJJl'Stg 

i tAti, iSffl&SP^J'cfctp i 3 5 ortist^ 

-&&S»2£Lfc. C©^**»2*7;i'5^-«y 

*aMfcyX^5±D7;^>jJX4i£2 0 k g/cm'2 
©ffi*T?ifc*"3W\ £&»»©«« 6 S»j£S-frfc. - 
©£&*»©*« 6 £K*M©8Hft;&|6]lCE«£ftT^ 

- "I,D-M2 OOmmd), - Rftm 2 OSf, -@1E»7 2' " 
io 0 0 r pm©^®[©R^lElte^#:7 S 

[0107] wsnfcau^aHttii^t&sfeeT^fiMg 

2 5 0 Mm, ¥±§@fdlg 15 0 /xm, W-i^W^ 1 5 At 
m, Iigifi«groJt0¥J§ll. 7, ¥^77,^7 
hJtl 7©^£#14£#T3 ; k©T&o7Co £©«&*& 

mm^-mmm^-M (xss) tc^-rao, «§¥*©*« 
20 [0108] #6nfc*»*H*ef»*tt. x»0Sf 

©IS*. MWC^a- Hfttr— ^S^bTVifc. 

©*j*5c*Jt*-ffc¥»«ffcJ;»)a€Ufc<S*, Nd 7 F 
eg3. 5C oNbiGaQB4 TfcO, «Sttii#-Mf£i£K: 

[0 10 9] ±ES?&*H*iS ; f-»* 1 £ 5 X 1 0"2to 
r r ©JtaTTJSSSCSAb. 7 5 0*C©fflfllT3 4J- 

>*£■£»¥©*». xi»ig*fa)je©is*»6nfcia3 

^^TX^@SfA^ — >©^W©^m, oFei (AT 
gb7ctf-7) S.^Nd2F ei4Bi^ (BTSbfctf- 

[0 110] ±f3^MStt©f&±«-»-^P>»^^ 

-A*^*III«gBRtfx*;i^#ttS!X»#*Tg« 

SfflV»T, -t©««»ifi&K*Ufc. -t©*S*. 

ttft, a F e S^tyttettteftffl^teftffllC^b 7 2 

®ffi%SSTa&^T, Nd2Fei4Bi£-&tflK«tti6fi 

«©«»«, =.^c7c«a»±#si 0 oiBtxtnt 

itfti»C»I.9lB»XT»ot. HEoT, SO© 

[o 1 1 1] src, oFe^Hiaf#s^trtt«ttieaffi 

so ©^S&glJ, 2 0~4 5 nm©«SHTSoT, Nd2 
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F e 14B 1 £&$tt«8ttl&a4B©ilS£l&&tt. 1 5 ~ 
4 0nm©ttHT*0, ffl»tia3iffi©&A4B£#jlJttB 

1. 3Bf%> 7. 8®^%-r&-5££###T*g*a>£> 

[0112] ±BEj»«iaao#±a-*-#p>*^- 

HX. ««*IHcj&»4. 7kOe, SglltSB r 
ifll 1. 2kG, »*«S[X*;mF-a (BH) max ^ 
1 7. 4MGOeTSofc. 

[0 113] *fc, ±IB»&nfc*±»-*-#n>* 
ttE£&S^»*©R»ttte*il'**fc«>, &*«85t 
HSfr^, 1 2i*lW«fc:fllioaiyTfl¥*oSlttotij[ ; f 
*iB K d5 » S #«©S«Jt * S SrfcS!®^ S^fcfilTMfl 
Lfco -?-©16*, 56»rt*l 0ffi«%££i63£T©i&i® 

[0 114] ±ffi#±»-«-j|?D>SS«5^&*i : f» 

*9 8 g<hX#*->«IgXW-2 2 14 (jg P a n£, B* 

[ 0 1 1 5 ] ±MU^% 3 . 3 g£riI21 OmmCRS 
ttttfBMI^l'Xi&ftfcAtt, *!)7 ton/cm2©ffij 
Tyi/7l/Ttll 0 mm, fi3fi7mm©R8M 

[0116] ±BEE»#S 150tTl mmUmMMV 
TI#+yffii«$t, iffi6. 3g/cm3®E 

[0 117] ±E»6nfcffittj£J§M?>F«5fc/W;* 
*««T«5 0 kOe©*«£*Ufc«. B-HhU- 

r*S9. lkG, §IAiHc^4. 6kOe, M 
^,X*Jl^— & (BH) B ax^l 0. 5MGOeT&-p 
fc. 
[0118] 

@ 2 -fr 3 £ £ K J: 9 fia¥*©K*£©&^ 6 fc**±« 

[0 119] #»EK«*#>K«Effl«¥*©Jitttf 
±«-«-#n>*«:E£&tH t »*«, 



(10) 

/<? 

[0 12 0] £&. WflttK«ttfc*±S-«-#n> 

«*««&£»*!©««£» ?>fflA<T??¥ffiu uj&»t>, 

10 TV>5. 

[0 12 1] fcis. #>K«Efl3*±!SB5^&«H ! '® 
*£f££»-f 5#&£LT, flE*©¥D-;iofr5£Tfrto*i 

tm&sfetfft&n, fctt*3«T*9, 
cn*»« fc b&»^t>^»©«c : f i ta:t), sennas 

[0 12 2] i»«fflI»XB^77f*;^ 

tt»*&#5Hiiffi 2 - 3 4 7 0 6^4i«. 4# 

l¥2-9 3 0 0 7^) ^WTl/^. ^^-5® 
JtffiKfcl^Ttt. *IM&©«*«r*SU *— >fflXttH 
«tt©lHlteJ l &iP#fcJ:'3T?&ai»H*13:«C:tK:«t»3» 

T&$f&W:£tt, B«ttS(*#-rsfe©T»*. 
[0 12 3] 

30 $£09 1-27, JttJ^J 1 ~ 3 ; 

[0 12 4] <#±»-«-#D>*«5£&« ; ?»* 

©$Sig> 
*SS0iJ 1 ~ 2 7 

»»£&*^Rtf ^^©^©RiSIS fc* tt3 @iE 
?&^I(*:©ErtE»i*l*7';P^>^f^ffi*&lX-t©«©*ft 

[0125] £ffi0!| 1 ~ 2 7 Tt#?>nfcS-±SmS-&^ 
tHM»*tt. WIH5SW©Saifi©»«tra*CLT^lH. 

[0126] -*-©lg *, a F e S£tHW8tt*SJ&ffia*± 
ifeffiffltdttb 1 8~7 5S«X©t6HT»o'T, Nd2 
F ei4Bi*-a-trBB«ttiieftffl^«Safflt:»U2 5~ 

8 2ffii«%©$BHT&D, ^n^*gM©*gfn«, -^c 

9 0~9 9®«%©ISH"C 1 ^t3fc. 8oT, ttfiBt£#A 
Hffitt, 1~ 1 0Sfi%©SSBT&ofc„ 

[0 12 7] aFe\ (aF e£M£j&>£> 

&5H*fl0 Xf3 o F e tB»#Ofi^fflO^Th^O 
so &&4Bfr5&Sttttttl£a*B©tta&&tt. 5-10 0 
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19 

nmWfBBT&oT, N d 2F e 14B iSJIE^H^iSSiIlffl 
ft* &ft&aBtt1£affl0i|gBlftgtt. 5 ~ 1 0 0 nmCD 

n. -^-n-eni o~i 5MtF%<di5h. 7~9ic^%£> 

[0 12 8] ^(D^<D^EM^fk^^.llBi.nm.2\Z. 

[0129] J£tfc#Jl (m.u-)V&WLtem#itii : B*S 
*S$£fgff rj^Jl'^TX^Krofett^Lj (19 8 8 
m 3 6 ~ 3 7 H) 

S£ n^|S] \Z IhIKTS P -Jl^cD IsItei^^O R Jl* 
fc. fe,ftfc^I@tll4S*3 0~5 0/xmO»fT 

. *«®!3t*#S^I|i|*14^*2BLiX4(r^-r. * 













(kgf/cm 2 ) 






Crpra) 




Nd, Fe 82 Co 6 Tii B 4 




7200 


20 


700 




Nd, Fe 83 Co 6 B 4 




7200 


20 


700 




Nd r Fe„ Co 2.5 Cr 3 . 8 B 4 




7200 


20 


680 




Nd, Fc 83 . 5 Co 2 Mn 3 . 6 B 4 


R3£S! 


7200 


20 


680 




Nd, Fe 81 . s Co, C u 0 . s B 4 




7200 


20 


680 




Nd r Fe 83 . 6 Co 3 Ca 2 . 6 B 4 


R&S! 


72Q0 


20 


700 




Nd, F e 82 Co 6 .5 2 r 0 . 6 B 4 




7200 


20 


720 




Nd, Fe 8a . 5 Co 4 . B Nbi B 4 




7200 


20 


720 




Nd, Fe 83 . B Co 3.6 Md 2 B« 




7200 


20 


700 




Nd, Fe ro Co B . T Hf 0 . 3 B 4 


Ran! 


7200 


20 


740 




Nd, Fe M Co s Ta, B 4 


R^ 


7200 


20 


740 




Nd 6 Pr, Fe^ C o 4 W a B 4 


RSffl 


7200 


20 


720 




Ndj Pr 2 Fegz Co 3 . 3 S i liS B 4 


RS£S! 


7200 


20 


700 




Nd 6 Fe 82 Co 4 Nbi V! B B 


R^y 


7200 


20 


760 




Nd, Fe 82 . 5 Co„ Nb x Cu 0l{ B 5 


RUS! 


7200 


20 


780 




Nd, Fe B2 Co 4 Cr 2 M n x B 3 


RgtS 


7200 


20 


720 




Nd 6 Pr, Fcsg.5 Co 4 Ti L do.! B 4 


RSS 


7200 


20 


700 




Nd 6 Pr s Fes2 Co 4 Ta x Si, B 4 


RgIS! 


7200 


20 


680 




Nd, Pr, Feez C o 4 Nb u B 6 . 5 


RgEffl 


7200 


20 


720 


nmi2o 


Nd r Fe 82 . 5 C o 4 Nbx Cu 0 . E B 5 


P38S3S 


12000 


20 


780 



* [0130] &«tm 2 

Z\<Dftmnmm$* 10 0iimiSMlmm 

*5u&fflUT5 0 0 Mmi^T©*a*tLfc. n^ntc 

io [0 1 3 1 ] Jt!fc0iJ3 (#7.7 R-fXffi : ASffiff 
r&R«Ej (1 9 9 0 ¥?gfTgl 9 3 2~9 3 31) 
*S£fiaj2 0 ©£■&«[££ LfcSJtfWi. i»lBR9i©»6S© 

«fcD S£J5fcSli\ *3 Hi - *£ 

[0 13 2] 
[151] 



[0133] 



[*2] 
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(12) 



[0 13 4] 



21 



22 











(kgf/cm 2 ) 






(rpm) 


^fcfcf^l 


Nd, Fc 82 . 5 Co< Nbj Cu 0 .s B 5 


wmm 


1000 


20 


780 




Nd B Feao.B Co 4 Nb x B aE 


nmi 


7200 


5 


760 




Nd, Fe M Co, Nb liB B ao 


w$m 


7200 


10 


760 




Nd 8 Fcts.s Co 4 Nb 2 Bfi.5 


w$m 


7200 


20 


760 


£»J25 


Nd 8 Fera Co 4 Nb 2 . 5 B aB 


p^mm 


7200 


20 


760 




Nd 8 . 6 Fe. w . B Co 4 . Nbi B T 




7200 


.. 20 


. ... .720 


3?$f|«7 


Nd 9 Fe re Co 4 Nbj B 7 




7200 


20 


720 


itmmi 


Nd, Fe 82 . 5 Co 4 Nbj Cu 0 . B B 5 




780 




Nd T F e 82 . B Co 4 Nbj Cu c , s B B 


rats! 1 7200I 20 


780 


itnm 


Nd, Fe 82 , 5 Co 4 Nbi Cu 0i5 B 8 




780 



* * [S3] 







MS 

Mm 


Atm 


Mm 


*PJ9« 
tfc £ 

j=ua 








0OK) 




RUtt 

(ftfltfio 

El) (i*iB) 


ttotte 
as fa 


*t?(a*tesl 
t£Bt£SS 

ars> 
ena 


WW 


SOS 


Res 

Br 

EC 


ens J: 

1 H e 
kOc 


(EH) mx 


Te 
CO 


XKMl 




250 


150 


15 


1.7 


IT 




12 


28 


91 


9 


10.8 


4.0 


15. Z 


428 


B0 






245 


165 


14 


1.5 


IB 




14 


26 


94 


6 


11. 1 


4.8 


16. 5 


424 


60 






255 


155 


IS 


1.6 


17 




IS 


2S 


D5 


5 


fi.D 


5.0 


16. D 


342 


84 






265 


115 


IT 


1,9 


15 




12 


28 


31 


5 


IM 


4. 1 


17. 1 


361 


72 






2S5 


..-.155 


IT 


1.6 


IS 




14 


26 


94 


6 


10.5 


4.1 


16.9 


431 


7! 






245 


1E5 


13 


1.5 


19 




15 


25 


92 


8 


10.2 


4.2 


15.4 


360 


60 






205 


165 


19 


1.4 


14 




10 


30 


90 


10 


9. e 


4.4 


19.5 


394 


00 






286 


1BE 


22 


1.6 


13 




12 


26 


90 


10 


n.i 


4.7 


18.4 


421 


60 


XMW 




335 


235 


35 


1.4 


10 




15 


25 


92 


8 


10. i 


4. 1 


16.7 


38* 


60 
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